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This application has been amended to include the continuing application 



Examination on the merits is requested. 



Eric J. Robinson 
Registration No. 38,285 

Sixbey, Friedman, Leedom & Ferguson, P.C. 
8180 Greensboro Drive, Suite 800 
McLean, Virginia 22102 
(703) 790-9110 
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Respectfully submitted, 




TITLE 0? THE 1WVSKTION 

Electro-optical D«vice ana Matnad of Driving and 
Manufacturing the Same 

flAfflgRQttNP OF TffK TNVSNTIQN 
L Field of the Invention 

The present invention relates in general to an electro- 
optical liquid crystal display suitable for finely graded 
operation and methods ox driving ana manufacturing the same. 
2. Description of the Prior Art 

Recently, thin film rransistar liquid crystal displays 
(TPTLCD for short) have been increasingly broadly utilised, along 
with the development of color liquid crystal displays, rather 
than simple matrix type liquid crystal displays because the 
former type is particularly excellent in term* of brightness, 
contrast and wide view angles* 

Fig, 1(A) is a circuit diagram showing a driving circuit 
for controlling one pixel of such a tftlcd. as shown in the 
figure, a single thin film transistor is provided for the pixel 
located at each intersection of a matrix diagonal wirins 
comprising horizontal addressing lines (only one line Vq being 
illustrated) and vertical data lines (also only one line V D being 
illustrated). The drain (D) of the transistor is connected to the 
corresponding one of the data lines while the source <S) thereof 
is connected to the corresponding one of the electrode pads 
defining pixels of the display (not shown). The gate of the 
transistor is connected to the corresponding one of the 
addressing lines Vq* Such a matrix type design hae been broadly 
employed already in the DftAM tecnnique so that, the reliability 
thereof is believed to have been fully established. In the case 
of tfte driving technique far liquid crystal di splay , However, 
there remain still several problems to be solved since the 



operation of liquid crystal displays includes ai3c analog data 
manipulation. 

Fig. 1(3) is & schematic diagram showing example* of 
signals applied to the addressing line V G and the data line Vj, 
and the resultant driving voltage at the electrode of the 
corresponding pixel in response to the signals. I? a liquid 
crystal material is subjected *o a DC voltage for a substantial 
time period, the characteristics or the materials are degraded. 
The signal at the data line therefore is periodically inverted 
(usually for each frame) in order to invert the direction or the 
voltage applied across the liquid crystal material. 

The aieehanism of the operation or the pixel is next 
explained. When a voltage pulse is applied to the gate, the 
transistor is turned on in order to transmit electric charge to 
the electrode pad of the pixel from the data line bains at a high 
level so that the voltage level of the electrode pad is increased 
(region t^J. T&a increase, however, is not so fast. In the case 
the transistor is made of an amorphous silicon semiconductor , tha 
mobility of carriers is so low that the pulse applied to the sate 
is sometimes removed and the transistor is turned off before the 
voltage at the pixel reaches to the necessary level, in the case 
that the transistor is made of polysilicon, auch undesirable 
situation is substantially improved, If the operational speed is 
so high that the pulse width is narrower than one microseconds, 
however , even the polysilicon transistor can no longer follow 
sucn a high speed. It taxes 3G milliseconds in usual cases to 
scan one frajne, The pulse width of the addressing signal is 
therefore ahout sc microseconds in the case that the number of 
the addressing lines is 430 (430 rows display). If higher 
definition of grading is desired, however, the pulse width 
narrower than one microsecond becomes necessary* 

The voltage at the pixel then drops by "V, This drop, 



called "refcound" . is caused by charge accumulated in the 
paras it ia oapaoitanoe which is formed by the overlap batweeri the 
gata electrode and the source region. The voltage drop increases 
&« the parasitic capacitance increases. In the case of displays 
utilizing amorphous T¥Ts, a capacitance is provided across the 
liquid crystal at the pixel in order to reduce the voltage drop, 
The provision of such a particular capacitance, in turn, 
increases the load of the TFT and the other peripheral circuit 
and decreases the apertura ratio because of the wiring for the 
capacitances so that the brightness is decreased* 

In the case of polys ilicon transistors, such a problem of 
the voltage drop is not so significant since the self-alignment 
process can he employed for forming the gate electrode and the 
source and drain regions. The voltage drop* however, still exists 
as high as one volts which may become a substantial problem in 
future when a higher definition is required. 

The voltage at the pixel gradually decreases until a nest 
addressing pulsa arrives (region t^) necause of discharge due 
mainly to leakage current passing through the transistor being 
turned off. The naxt pulse id then applied to tha addressing lino 
v Q . Since the voltage level of the pulse is inrerted in this 
time, the voltage level at tha pixai is also gradually decreased 
to the inverted level in the saffie manner as described above. 

When the addressing pulse is removed from the addressing 
line, the absolute value or the voltage at the pixel is increased 
in this case by the voltage drop "V followed by gradually 
daarease due to discharge. As understood from the illustration, 
the voltage applied to the pixel is asymmetrical resulting in 
eav«ral problems such as fliekar or deterioration of the liquid 
crystal material, 

£urthsrmora t it is to be noted that the voltage at the 
pixel having a waveform of such a complicated pattern 
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substantially tends to vary from pixel to pixel. For example, the 
rise of the voltage at the pixel in region tl depends upon the 
several parameters of the transistor, e.g. the mobility, the 
channel length, the thickness of the active region, the gats 
voltage (the voltage applied to the addressing line) and the 
drain voltage (the voltage applied to the data line). The 
mobility of the transistor depends largely upon the manufacturing 
process so that pixel to pixel variation will not be so large. 
When tne panel size becomes large in future, however, it will be 
the case that the variation within the sasie panel can not be 
neglected. Variation in the thickness of the active region may be 
also a problem in the case of large panels, Variations in the 
channel length and the channel width are usually as large as 
about 10% of more from pixels near the driver to pixels apart 
from the driver. 

The voltage drop depends upor. the parasitic capacitance 
of the TFT, The dispersion of the capacitance is about 20% in tne 
case of non-self alignment processes and about 1096 in the case of 
aelf-aiignatent processes ♦ ^furthermore , since the voltage drop is 
in proportion to the gate voltage applied, the dispersion of the 
parasitic capacitanoe and the dispersion of the gate voltage form 
a multiplier action to widen the dispersion of the voltage drop. 

On the other hand, the gradually decrease of the voltage 
at the pixel depends largely upon tne channel length, the channel 
width, the characteristics of the active region, of the 
transistor (WTJ. As a result, the voltage level at tne pixel 
fluctuates from solid line to broken line in Fig; 1(B). 
Particularly accurate quality control is required in 
manufacturing processes for the devices in crder that the 
dispersion of the voltage at the pixel is alvays within a 
tolerable range. As a result t the yield is significantly 
decreased* It may be impossible to meet future requirements for 
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highly-value-added products with a high yield whereaa low quality 
products way be manufactured with a relatively high yield. 

At the present time, a plurality of grades in brightness 
Can be constructed by controlling the voltages at tha signals 
lines. The manufacture of the graded displays seems to be almost 
impossible even with 16 grades in accordance with the current 
technique from the view point as discussed below, The threshold 
voltages or usual twisted nematic liquid crystals are 5V or 
tfcerearound, which &re divided by 16 into 30 mV for realizing 16 
grades. Considering dispersion in t,he voltage rise at time t i( in 
the voltage drop and in the discharge, aa above discussed, the 
dispersion of the voltage at the pixel would easily exceed 3Q0 mV 
unless products are carefully sifted out. 

Prom the above view point, the inventors have advocated 
digital graded displaying systems in place of analog grading 
systems, The digital grading are realized by controlling the time 
for wiiica tue liquid crystal is subjected to a driving voltage at 
each pixel* Details are described in Japanese Patent Applications 
N*os,Hei3-i6B305 f 169306, 169307 and ZG8SB9 of the same applicant. 
The frequencies required for driving the digital grading 
displays, however, are 20 to 300 times as high as conventional 
frequencies 30 that TFTs of CMOS structure have to be arranged at 
each pixel in place of NM0STFT alone, It is also difficult even 
with such digital systems to suppress disturbance of grading due 
to dispersion of the aharaoteriatics of the TFT3 * 

For axampla, when an intermediate grade is selected by 
limiting the voltage application time only to 45K of one frame, 
11C36 of the predetermined voltage* level may tie applied to certain 
pixels whereas SO* of the level may be applied to other pixels, 
in which case the display incurs 20% or wider dispersion of the 
driving voltaae since 1,1 x 45% = in the former pixels and 

0.9 x 43% = 40,55$ in the later pixels* In this case, only 8 
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grades seems to ne possible. 

In order to solve this problem, as described in Japanese 
Patent Application aro.Hai3~208a7Q, the inventors proposed for the 
driving device to collect information about characteristics of 
respective pixels and input the information into an external 
memory device. The input data signal are processed in advance on 
the basis of the information and eutputted to the respective 
pixels in order to aia&e correction. The data processing, however, 
is so complicated that peripheral circuits must carry heavy 
burdens. Furthermore, it takes a substantial time to examine the 
respective pixels and input correction data. For example, if the 
examination and the data input for one pixel takes, one second, 
the total time of 85 hours is necessary in the case of a panel 
having 640 x 430 pixels resulting in a significantly increases 
cost. 

BRIEF SCJM MAHY .Ofc_TH B TWVmTION 

It is an object of the present invention tc provide an 
electro-optical device C liquid crystal display) suitable for 
digital grading* . 

It is another object of the present invention to provide 
a method of driving an electro-optical device (liquid crystal 
display) suitable for digital grading. 

It is a further object of the present invention to 
provide a method of manufacturing an eleotrc-optical device 
(liquid crystal display) with a high yield. 

Additional objects, advantages and novel features of the 
prosent invention will Se set rorxh in the description which 
follows, and in part will become apparent to those skilled in the 
art upon examination of the following or may be learned by 
practice of the present invention* The object and advantages of 
the invention may be realized and attained by means of the 



instr\in»antalitias and combinations particularly pointed out in 
the appended claims. 

To aohisva the foregoing and other object, and in 
Accordance with the present invention, as embodied and broadly 
described herein, in an electro-optical liquid crystal display 
Having a first substrate on which a plurality of electrode pads 
are formed in order to define a plurality of pixels arranged in a. 
matrix, a second substrate on which an opposed electrode 
arrangement is formed, an electro-optical modulating layer 
{liquid crystal layar) disposed "oetveen the rirst and second 
substrates, and a control circuit for supplying driving voltages 
to the elsctrode pads respectively, tha control circuit comprises 
a plurality of addressing lines for scanning the pixels by 
sequentially supplying an addressing signal to the pixels 
arranged in each row of matrix to be addresssd, a plurality of 
data lines for supplying data to the pixels arranged in the row 
addressed by the addressing signal, a plurality of voltage 
supplying lines for supplying a driving signal to the pixels 
arranged in the row addressed by the addressing signal and means 
for selectively connecting or disconnecting tiie electrode pad of 
each pixel with a corresponding one of the voltage supplying line 
in ' accordance with data supplied from the data lines when that 
pixel is addressed by the addressing signal, Particularly, the 
means comprises a plurality of second transistors provided 
respectively for the plurality of the pixels, each second 
transistor being connected batwaan a corresponding one of the 
electrode pads and a corresponding one of the voltage supplying 
lines and a plurality of first transistors provided for the 
plurality of the pixels respectively, each first transistor being 
connected between the gat© of a corresponding one of said sacond 
transistors and a corresponding one of said data lines, the gate 
of said first transistor being connected to a corresponding one 
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of said addressing line. 

The electro-optical liquid crystal display in accordance 
with the present invention is particularly- suitable for 
displaying finely graded images. The plurality of pixels are 
arranged in a matrix and supplied with data signals through the 
data lines extending in the column direction. Extending in the 
row direction are a plurality of the addressing lines and a 
plurality of the voltage signal lines. Each row is selected by 
activating each of the addressing lines and supplied with a 
driving voltage from eaoh of the voltage supplying lines, 

Referring now to Figs. 2(B) and 2(C), a typical example of 
a circuit for controlling eaoh pixel of the liquid crystal 
display in accordance with the present invention will be briefly 
explained, Jig. 2(B) is a schematic circuit diagram shewing one 
pixel of the liquid crystal display* Fig, 2(c) is a graphical 
diagram showing voltage levels appearing at respective nodes of 
the circuit diagram during operation. The display comprises a 
munber of such pixels arranged in a matrix. A particular column 
can he made active by activating a corresponding one of the data 
lines Vg whereas a particular row can be made active by suitably 
activating the corresponding addressing line Vq and then the 
corresponding voltage supplying line 

The circuit for driving one pixel as shown in Fig. 2(B) 
comprises a first n type thin film transistor Tr 1 and a second n 
type thin film transistor Tr g , The first transistor Tr t is 
connected with the data line V & at its drain, the addressing line 
V D at its gate and the gate of the second transistor Tr 2 at its 
source in order to transfer a voltage level at the data line V D 
to the gate cf the second transistor Tr s when addressed by the 
addressing line V Q , The source and the drain of the second 
transistor Tr 2 are connected to the electrode pad of a liquid 
crystal LC and the voltage supplying line V LC . The electrode pad 
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is rarnied to derine one pixel in the liquid crystal. 

The oircuit operates as follows. When addressed (given a 
positive gate signal from ztie addressing line V Q ) , the first 
transistor Tr A is turned on to transfer the data level at the 
data line v D to the gate of the second transistor Tr 2 - If the 
data level is f, l M , the second transistor Tr 2 is turned on to 
supply the pixel with a voltage at the voltage supplying line v LC 
in order to activate the pixel. On the other hand, if the data 
level ia "0" , the second transistor Tr 2 is turned off. The 
voltage at the gate of the second transistor Tr s is maintained 
when the addressing voltage is removed from the addressing lino 
V Q to address subsequent rows* 

In accordance with the above structure, the signal level 
at the respective data line is not directly transmitted to the 
pixel so that the timing of the signal operation is significantly 
relaxed. Namely, even if the voltage level at the respective data 
line deviates front the predetermined level , the pixel is supplied 
with a constant driving voltage as long as the deviating level 
can turn on the second transistor Tr^* 

Namely, as discussed above, the pulse width of the 
addressing signal is extremely short, e.g. 70 microseconds for 
typical cases, or from shorter than tenth to several-hundredth 
that of the typical oases for digital grading. The voltage level 
supplied to the respective pixel tends to fluctuate because of 
such a short operating time. 

On the other hand, it is understood front analysis of the 
operation of the display -in accordance with the present invention 
that even if the pulse width of an addressing signal applied to 
the first transistor Tr t is also very short resulting in 
variation of th& resultant source voltage level, the source 
voltage is not directly transferred to the pixel but applied to 
the gate of the second transistor Tr« instead and therefore is 



enough as long as its lowest leva! can control the operation cf 
the second transistor Tr 2 » 

If such conditions axe satisfied, a constant voltage can 
be supplied to the respective pixels from the voltage supplying 
linss by controlling tha on/off operation of the second 
transistors. Accordingly, the voltage supplied to each, pixel is 
not dictated by the signals from the data lines. The signals from 
the data lines only determine the en/off condition of the second 
translators* 

Furthermore, it should be noted that the switching speed 
of the second transistors may be substantially lower than t&at of 
th« first transistors. The second transistor can perform its task 
even if it operates after completion of the on/off operation of 
tha first transistor since aleetric charge is trapped at the gats 
cf the second transistor Tr s after operation of the first 
transistor. Accordingly, the second transistor can be an 
amorphous silicon semiconductors TFT having a slow switching 
speed even for digital grading with 32 grade a . 

Furthermore, tne load upon the firs:; transistor of 
Fig. 2(B) is significantly reduced as compared with that in 
conventional configurations. Prior to th& present invention, 
electric charge must pass through the transistor addressed within 
a time shorter than 70 microseconds to tha pixel. Elactrie charge 
passing through the first transistor of the present invention is 
accumulated in the capacitance formed between the gate and the 
drain QT the second transistor Trg* For example, tha capacitance 
associated with each pixel is 30 times aa large as that of the 
capacitance rormsd between the gate ana the drain of the second 
transistor Tr a in the case that the area and the thickness of the 
alsctrcd.s pad of eacn pixal are 300 micrometers x 300 micrometers 
and 6 micrometers respectively and the area and the thickness of 
the gate insulating film of the second transistor are 10 
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micrometers x 10 micrometers and 0,2 micrometers, The ratio 
between these capacitances is furthermore increased to ISO if the 
area of the sate electrode ie decreased to 5 micrometers x 3 
micrometers . 

It will fee apparently understood that heavy loads are 
carried on the transistors in conventional cases. Cn the other 
hand, in accordance with the present invention, the lead is 
decreased hy a factor of 30 to 120 or more. This means that the 
switching speed of the first transistor can be substantially 
increased to 30 to 120 times that in the conventional cases in 
which digital grading can not toe realised with amorphous 
transistor whose mobility is very low. 

The electric charge to "be passed through the first 
transistor, however, is significantly small in accordance with 
the present invention so that the above problem is not the ease. 
Accordinsly, it is possible to drive amorphous silicon TFTs even 
to realize 64 or more grades. Amorphous silicon TITs can be 
produced at relatively low teinperatures as compared with 
polysilicon TFTs 3 so that maseproduotioa is facilitated tc obtain 
s, high yield ana reduce the production cost. 

The second transistor, on the other hand, can 
sufficiently perform its tasic if its switching speed is no lower 
than one hundredth, preferably no lower than twentieth, that of 
the first transistor, The amount of electric charge passing 
through the second transistor is substantially equal to that in 
conventional cases. Since the switching speed required of the 
second transistor is very lcw t however, amorphous silicon tfts 
can be employed for digital grading with 32 grades. The switching 
speed of amorphous silicon tfts is usually anout 70 microseconds 
which is only f% of the minimum oyole of t£e 32 grade digital 
grading, i.e. 33/32 milliseconds (about 1 millisecond), so that 
such higher grading can be realized with nc problem* 
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The channel width can be Increased for the purpose of 
increasing the driving capability of the translator Tr a . Care 
must he paid in this case because the capacitance between the 
gate and the drain of the second transistor Tr 2 la also increased 
resulting in a heavy load on the first transistor Tr A . For 
example > if the channel width is increased by a factor of 5 to 
obtain 5 times the driving capability, the load on the first 
transistor Tr« is also increased by a factor of 5 so that the 
effective switching speed of the first transistor Tr^ is reduced 

to 20** 

Referring to yig.2(C), a method of driving the liquid 
crystal display as illustrated in Fi£.2(B) will be described. The 
addressing line V Q and the data line are supplied with similar 
signals as in a conventional display, The signal supplied through 
the data line, however, is a pure digital 0 or 1 which simply 
turns off or on the second transistor Tr g * The voltage source 
line {voltage supplying line) V LC is supplied alternately with a 
positive signal or a negative signal- in synchronism with the 
addressing signal on the corresponding addressing line V Q , The 
Signal on the voltage supplying line, however, is set at 0 during 
t:i* time when the addressing line is supplied with an addressing 
pulse. Reference letters V Q to V 2 in Fig*2fC) correspond to 
similar letters written in Fig. 2(b). 

The voltage levels at respective nodes change during 
operation as follows-, The voltage at the source of the first 
transistor Tr x (i.e. at the gate of the second transistor Tr 2 ) 
rises as solid line, then lightly drops responsive to 
disappearing of the addressing signal and gradually decreases due 
to discharge through the transistor Tr^. 

On the other hand, the voltage level at the source of the 
second transistor Tr 2 (i»e, at the alactroda pad of the pixel) 
changes as follows, First, the second transistor Tr s is turned on 
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since the source of the first translator Tr x rises, Next, since a 
driving voltage is supplied to the voltage supplying line, the 
electrode pad is charged to a predetermined level, in this 
connection, it is noted that since the second transistor Tr 2 is 
already tuned on when the driving voltage is supplied, the 
charging time is dictated By the on resistance of the transistor 
Tr 2 and the capacitance associated with the electrode pad, 
resulting in a rapid onset. 

The driving voltage is supplied to the Yoltage supplying 
line only when a certain time elapses after the addressing signal 
disappears . OX course, it is also possible to supply the driving 
voltage just after the addressing signal disappears, When finely 
grading is performed by means of hish speed TFTs as the second 
transistor Tr a accordance with the digital control technique, 
particularly such a technique as described in Japanese Patent 
Application Nos ,Kei3-ie3S70 to 1S3373, however, the later 
alternative timing is not so gecd. 

For example, consider a digital grading with S4 grades. 
The minimum periodic cycle of the addressing signals is 500 
microseconds, Although the pulse width of the addressing signal 
is about 1 microsecond in the case of a matrix having 430 rows, 
the first transistor rr l can perform its task because of the 
light load thereon as explained above* There arises no problem, 
even if tiie 3curce of the transistor Tr^ rises not so much, as 
Ions as the second transistor can be driven. Accordingly, the 
source of the first transistor Tr x is considered to sufficiently 
rise to drive the second transistor Tr 3 . 

In the case that the second transistor Tr 2 is designed 
only to have a switching speed of TO microseconds, there are 
formed a number of such transistors with in an actual panel and 
some transistors aniens them may have switching speeds as high as 
SO microseconds. Such disparity of switching spaed originates 
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from production variation such as differences in mobility due to 
slightly differences in 'quality of the active region, differences 
In channel length and channel width due to slight variation of 
photomasks. In this ease, if the driving voltage is supplied to 
the voltage supplying line dust after the addressing signal, some 
transistor Tr 2 having 70 microsecond switching speed is turned on 
10 microsecond after other transistor Tr 2 on the sane panel 
having SO microsecond switching speed is turned on. The 
differeace of 10 microseconds is equal to 2% Of the periodic 
cycle of the addressing signal. 

The problematic 2% ai3persion makes the 64 grades 
meaningless because the time dispersion of voltage application to 
the pixels must be limited to in order to actually realise 

34 grades , Of course, the problematic dispersion can be 
suppressed by sifting out productions resulting in a high cost to 
make even the switching speeds* The production cost, however, is 
significantly increased. 

On the other hand, if the driving voltage is supplied to 
the voltage supplying line when a certain time (80 or 100 
microseconds) elapses after the addressing pulse disappears, all 
the pixels are given the driving voltage substantially at the 
same time point in each cycle- In this case, the problematic 
dispersion is dictated only by factors such as the on resistance 
of the transistor Trj and the capacitance associated with the 
electrode pad. The on resistance and the capacitance are of the 
order of 10 16 ohm and the order of iO" 13 F so that the time 
constant is about 100 nanoseconds. 

Accordingly, even if the time constant is dispersed from 
pixel to pixel, the problematic dispersion is no larger than 100 
nanoseconds unless the dispersion of the time constant does not 
exceed 50%. 100 nanoseconds is extremely small as compared with 
the periodic cycle of 900 microseconds (o,02#) and meets the 



requirement of within 1,8%. Accordingly, it is effective for 
finely grading to supply the driving voltage a certain time after 
the addressing signal disappears. 

Similar attention has to be paid when the driving voltage 
is removed. Namely, a certain time period defining a space 
duration is provided between the removal of the driving voltage 
and tho application of the addressing signal in crder to 
discharge electric charge accumulated in the electrode pad of the 
pixol* If tha driving voltage is supplied to the electrode pad 
when the addressing voltage is supplied to the gate of the first 
transistor Tr^, the electric charge remains at the electrode pad 
in the case that the data signal on the data line is o and 
turns off the second transistor Tr 2 « In order to avoid auoh a 
cas», electric charge accumulated at the electrode pad is 
discharged for the certain time period x interposed between the 
driving voltage signal and the addressing signal. The certain 
time period t corresponds to the time constant as discussed 
above • 

In the next cycle, the driving voltage is inverted, The 
nsgative driving voltage is supplied to the drain of the second 
transistor Tr 2 also the certain time period after the addressing 
signal, The data signal need not be inverted unlike in 
conventional displays, 

As seen from Fig. 2(C) t voltage drops are observed only in 
the gats voltage of tae second transistor Tr 2 . Tha driving 
voltage applied to tha electrode pad of the pixel exhibits no 
such variation and no reduction due to natural discharge « This is 
because the driving voltage is continuously given from the 
voltage supplying line in accordance with the present invention 
whereas the voltage at tiie pixel is supported by electric charge 
locked by a transistor b«ing turned off in conventional cases, 
Tn* present invention just features this difference. 
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Furthermore, broken line is plotted in the figure for the 
purpose of showing possible poor characteristics ot a first 
transistor Tr x , Namely, because of the poor characteristics, the 
source voltage can not reach to the drain voltage and is largely 
influenced by voltage drop ^hen the addressing voltage 
disappears, followed by a relatively large natural discharge. In 
accordance with a conventional display having such a transistor, 
displayed images comprise irregular cclors so tha~ the display is 
net accepted. As seen from the figure, however, the pixel driven 
by such a transistor can operate with no trouble. Namely, avert if 
the transistor Tr 1 exhibits such poor characteristics as shown by 
broken line, there arise no problem as long as the source voltage 
can drive tae second transistor Tr 2 > 

As seen from the figure , oven if the source voltage is 
lowered as plotted with broker- line, no influence appears on the 
driving voltage at the electrode pad of the pixel. The voltage at 
the data line is preferably selected, in oraer to guarantee that a 
most poor one of the first transistors can drive the 
corresponding second transistor. Of course, the volt-age must not 
be selected to destroy the transistor, 

In accordance with experiments conducted by the 
applicants using small seals liquid crystal panels with 100 
pixels (10 rows x 10 columns), it waa very easy to form nine for 
each ten transistors, functioning as the first transistor Tr 1 , 
capable of providing 5V or higher voltage at ita source during 
operation of the panel in the case that tha addressing vcltage 
and the voltage at tie data line corresponding to 1 are 15Y and 
10V respectively. The yield was no lower than 95%, in this case, 
when the voltages applied to the gate and the drain of the first 
transistor were furthermore increased by 5V respectively, the 
yield Of the transistors providing 3V or higher was 99% without 
no ds St rue ted sample. 
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Experiments ware oondueted for reference by constructing 
a conventional type liquid crystal display with transistors 
having such poor characteristics. As a result, cniy 60S6 of 
transistors could provide voltages at corresponding electrode 
pads within a range of ±0.9 V trom the average voltage of 7. Z V. 
This means that 40% of the transistors were inappropriate even 
ror realizing only 3 grades. When panels wer$ selected in order 
that at least 90% of transistors met the requirement of 7,2 ± 0,3 
V, the yield was significantly decreased, at course, such 
experiments were not conducted at beet conditions so that it may 
bs possible to improve the result to acme extent* The production 
of more large panel liquid crystal displays, however, is 
considered tc be very difficult, 

Tram the conventional view point, such a configuration 
having two transistors for on© pixai night aeem to have adverse 
effects for increasing the yield. The requirement upon the 
characteristics of the transistors, however, is significantly low 
sq rhat tha yield is not reducaa ny the configuration. 

The present invention is therefore based upon the concept 
that if a certain pixel is selected to be active, a constant 
voltage should be always applied to that pixel. Accordingly, it 
is avoided that the voltage level at xhe pixel gradually 
decreases due to discharge* la accordance with the present 
invention, the yield is significantly improved as compared with 
those or conventional analog or digital systems. The displays in 
accordance with the present invention can maintain a sufficient 
grading ability avan with tjts having poor characteristics, and 
as a result the yield and cost performance are significantly 
improved. It is also advantageous tc manufacture displays h&vtn^ 
qualities no lower than those of conventional displays only with 
a lower manufacturing cost. 

If TFTa are formed by self-alignment processes in the 
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manufacturing method of the present invention, the liquid crystal 
displays as manufacture becoma furthermore excellent in 
operation at high frequencies and in realising finely graded 
images. Evan if polysilicon TFT s are formed by non-self -alignment 
processes in the manufacturing method or the present invention, 
it is possible to display clear images in 64 or mors grades 
without particular difficulties at a cost which is no higher than 
or significantly lower than that of conventional analog systems 
capable of 15 graded images. Also e^en if amorphous silicon TFTs 
are formed by non-seir-aligniaent processes in the manufacturing 
method of the present invention, it is possible to display clear 
images in 15 or mors grades at a low cost. 

.53 1 H&g_ DESCRIPTION OF THE DRAWINGS 

The accompanying drawings, which are incorporated in and 
form a part of the invention and, together with the description, 
serve to explain the principles of the invention. 

Figa.i(A) and 1(B) are a schematic circuit diagram and a 
graphical diagram shoving a prior art electro-optical liquid 
crystal display. 

Fig, 2(A) is a cross sectional view shoving a general 
configuration of an electro-optical liquid crystal display in 
accordance with the present invention ♦ 

Figs,2{B) and 2(C) are a schematic circuit diagram and a 
graphical diagram showing an electro-optical liquid crystal 
display and its operation in accordance with a first embodiment 
.Of the present invention. 

Figs.3<A) and 3iB) are a schematic circuit diagram and a 
graphical diagram showing an electro-optical liquid orystal 
display and its operation in accordance with a second embodiment 
of the present invention. 

Figs. 4 (A) to 4(c; are a schematic circuit diagram and 
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graphical diagrams for explaining in details the operation of the 
eleotro-optioal liquid crystal display in accordance with the 
first embodiment of the present invention* 

Fig* 5(A) is a schematic circuit diagram shoving an 
electro-optical liquid crystal display in accordance with a third, 
embodiment of the present invention. 

Fig. 5 (3) is a schematic circuit diagram showing an 
electro-optical liquid crystal display in accordance with -a 
modification of the third embodiment cf the present invention. 

Figs. 0(A) and a(B) are a schematic circuit diagram and a 
graphical diagram showing an electro-optical liquid crystal 
display and its operation in accordance with a fourth embodiment 
of the present invention. 

Figs* 7(a) and 7(b) are a schematic circuit diagram and a 
graphical diagram shoving an electrc-cptical liquid crystal 
display ajad its operation in accordance with a fifth embodiment 
of the present invention - 

Fig* 8 is a schematic diagram showing a graning operation 
of an electro-optical liquid crystal display in accordance with 
the present invention. 

Fig. 9 is a perspective view showing the external 
appearance of an electro-optical liquid crystal display in 
accordance with the present invention. 

Figs, 10(A) to 10(D) and Figs . 11(A) to 11(D) are cross 
saotional views and plan views shewing a method of manufacturing 
an electro-optical liquid crystal display in accordance with the 
present invention, 

rigs « 12(A) to 12(D) ars cross sectional views showing a 
method of manufacturing an electro-optical liquid crystal display 
in accordance with the fourth embodiment of the present 
invention. 

Figs, 13(A) to 13(c) are plan views showing a method of 
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jaanuracturing an electro-optical liquid crystal display in 
accordance with the fifth embodiment of the present invention. 

Figs. 14(A) and 14(B) are a cross sectional view and a 
plan visw showing an electra-cptie&l liquid crystal display which 
can be manufactured without opening contact holes , 

DETAILED P3SCBI?TIQy 0? THE- PR57ERRRD EMBODIMENTS 

A twisted nematic liquid crystal device in accordance 
with the present invention is schematically illustrated in 
Fig-2(A), a glass substrate 1 is provided with an electrode 
arrangement 2 made of indium tin oxide. The electrode arrangement 
2 comprises a number of electrode pads arranged in a matrix and 
defining pixels of the display. The inner surface of the 
substrata 1 is coated with poiyimiae film 3 over the first 
electrode arrangement 2. An orientation control surface is formed 
by rubbing the polyimide film 3. Another glass substrate 4 is 
prepared in the same manner but with an opposed electrode 5 which 
is co nun on to the respective pixels, The$9 substrates l and 4 are 
joined in order tnat tna rubbing directions are perpendicular to 
each other* When a twisted nematic liquid crystal material is 
disposed between the first and second substrates, the liquid 
crystal molecules are aligned parallel to the rubbing directions 
at the "both surfaces of the substrates so that a helix is formed 
between the substrates with a minimal energy condition c£ the 
liquid crystal mclecuiaa to modulate an incident light passing 
through the liquid crystal layer. If the electrode pads Z of 
seleoted pixels are supplied with a driving voltage, an electric 
riaia is formed between the opposed electrode and each electrode 
pad ao that the molecules of the liquid crystal are aligned 
normal to the substrates to pass an incident light without 
modulation. 

The present invention relates particularly to a technique 
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to the circuit for supplying the driving voltage to each pixel. 
The details of the circuit will he described hereinafter in 
details. 

Referring now to Figs , 2(B) and 2(0), a liquid crystal 
display in accordance with a first embodiment or the present 
invention will be explained* rig. 2(3} is a schematic circuit 
diagram showing one pixel of the liquid crystal display. Fig. 2(C) 
is a graphical dias~*in shoving voltage levels appearing at 
respective ncdee of the circuit diagram during operation . The 
display comprises a number of such pixels arranged in a matrix- A 
particular column can be made active by activating a 
corresponding one of the data lines V D whereas a particular row 
can be made active by suitably activating the corresponding 
addressing line and the corresponding voltage supplying line 

The circuit for driving one pixel as shown In Fig.2(BJ 
comprises a first a type thin film transistor Tr x and a second n 
type thin film transistor Tr 2 . The first transistor rr 1 is 
connected with tiie data line v c at its drain^ the addressing line 
at its gate and the gate of the second transistor Tr 2 at its 
source in order to transfer a level at tha data line V D to the 
gate of the second transistor Tr 2 when addressed by the 
addressing line Vq- Tlie source and the drain of the second 
transistor Trg are connected to the electrode pad of a liquid 
crystal LC and the vol tag* supplying line V LC . The electrode pad 
is formed to define one pixel in the liquid crystal. 

The circuit operates as follows. When addressed (given a 
positive sate signal from the addressing line Vq) , the first 
transistor Tr^ is turned on to transfer the data level at the 
data line to the gate of the second transistor Tr 2 . If the 
data level is "l", the second transistor Tr 2 is turned on to 
supply the pixel with a voltage at the voltage supplying line V LC 
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in order to activate the pixel. On the other hand, if the data 
level is "0", the* second transistor Tr 2 is turned off, The 
voltage at the gate of the eaaond transistor Tr 3 ia maintained 
when the addressing voltaga is removed from the addressing line 
V G to address a next row, 

Fig * 2(C) illustrates signal levels at respective nodes 
and the relationship among these signals. As shewn in the figure, 
the voltage supplying line is alternatively set at a positive 
level and a negative level, Each signal is maintained for ir.oat of 
one frame except for a certain time period around the pulse 
appearing at the addressing line V G , The pixel is reset at 0 
during the certain time period ^ T ith V^ c = 0 when the pixel is 
addressed by the addressing lina v Q . In this regard, therefore, 
it is noted that the activated pixel is supplied with the 
positive or negative volxage from the voLtage supplying line v LC 
for most of the frame length so that, even if current leakage 
occurs, the voltage shall not he decreased as long as the 
transistor Tr 2 is turned on during frames. Tig. 2(C) ia detailedly 
explained also in SUMMARY OF TK2 INVENTION, 

In the configuration illustrated in Fig.2<B) t two signals 
line Vq and V^q have to be formed for one row and therefore such 
a configuration seems to decrease the aperture ratio of pixels. 
In the configuration of conventional displays utilizing amorphous 
silicon TFT s , the similar problem is also the case since an 
additional line is formed in parallel to an addressing line in 
order to form a supplemental eapacitanca to cope with a parasitic 
capacitance associated with the TIFT* 

This problem is solved hy employing the circuit shown in 
Fig* 3(A) illustrating a second embodiment of the present 
invention, In this circuit, each pair of adjacent pixels in a 
same coluran are formed to share a same voltage supplying line 
v LC , Other elements are constructed in the same manner as those 
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of the first embodiment , By employing such a conf iguratxon, the 
density af horizontal lines is reduced by 255*. In the same 
manner, three or sore pixels on a same column oan ehara a concaon 
voltage supplying line by modifying the circuit design. 

In this case, since one voltage supplying line supplies a 
driving voltage for two rows, the driving voltage has to be 
grounded, when the two rows ars addressed, in order to discharge 
electric charge accumulated in tnssa pixals. Namely, 'here is a 
space duration at tfce voltags supplying line V IC corresponding to 
the addressing pulses to the addressing lines V G and V G « . 

in 7ig.3(B} # an addressing signal is given to the 
addressing line with the data line being 1 so that the 

first and second transistors Tr^ and Tr^ are turned on. Next, the 
addressing signal is removed from the addressing line V Q and, 
instead, given to the next addressing line v Q , so that the first 
transistor Tr^ is xurned off and the next first transistor Tr^ 
is turned on. The second transistor 7r 2 is then maintained T.urn£d 
on for the frame in order to transmit the voltage level from the 
voltage supplying line to the pixel, Although the first 
transistor Tr^f is turned cn> the corresponding second transistor 
Trg» is not turned cn "because the data line is set at 0 in this 
tims and therefore maintained turned off for the frame after the 
first transistor Trl' is turned off so that the voltage level V fii 
at the lower pixel is maintained at 0. 

In the next frame, the data line ia set at 2 when the 
addressing line Is addressed so that tue first transistor 

Tr^ is turned on and transmit I to the gate of the second 
transistor Tr 2 r» If the characteristics of the transistor Tr^, 
are not good, the gate of the second transistor Tr 2 » may be 
elevated only to a low voltage level as illustrated with broken 
line in the figure, The second transistor Tr2*. however, can be 
turned on, as long as the voltage level reaches to the 
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threshold voltage of the second transistor, and tnerefara the 
voltage level Y a > can be elevated to the level of the voltage 
supplying line as illustrated with broken lino, 

The operations of the first transistor and the second 
transistor will be analyzed belcv with reference to Figs. 4(A) to 
4(C)* The parasitic capacitance between the source and the 
gate of the transistor Tr^ and the parasitic capacitance C 2 
between the drain and the gate of tha transistor Tr 2 are 
Illustrated in Fig.4'A) with broken line, Because of the 
capacitanoe C 1( the voltage drop at the source of the first 
transistor Tr^ is caused as explained before The voltage drop 4V 
is calculated by the following equation, 

4V = C^q/CCt + C 2 ) 

The capacitance Cg is dictated by the area of tho gate 
electrode and the thickness and the dielectric constant of the 
sate insulating film of the second transistor Tr 2 , In accordance 
with the present invention, the configuration of the transistor 
lr 2 is designed in order tha:: the capacitance C 2 is relatively 
small, e.g. no larger than 156 of the capacitance associated with 
the pixel. With this configuration, the display can be driven 100 
times as faster as conventional displays. 

In this case, however, the capacitance can sometimes 
not be neglected as compared with the capacitance Cg* For 
example-, the capacitance may be equal to the capacitance C 2 , 
In a conventional display.. the transistor addressed by the 
addressing lino has a capacitance wnioii is always smaller than 
that of the pixel at least by one order of magnitude, so that the 
voltage drop is not so large. If the capacitance C x equals the 
capacitance C 2 , the voltage drop is half the voltage applied to 
the gate of the first transistor Tr 1 . Fig. 4(B) illustrates the 
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variation of the soured level in response to the pulse 
application to the gate of the first translator TPj. The 
addressing signal is assumed to be 30V. The data signal is 
assumed tc be 20V, The source level of the transistor Tr L than 
rises to 20 V (V 3 ) in response to the pulse of 30V at the gate. 
The source level, however, drops down to sv (v 4 ) after the gate 
voltage is removed because of a voltage drop equivalent to half 
the gate vcltage, 30V. Such situation ts not fatal to the display 
in accordance with the present invention aa long as 5V is 
sufficient to turn on the second transistor Tr 2> Namely, 
irrespective of the variation of the source levels of the first 
transistors in the pixels of a panel, the second transistors can 
be equally turned on r unlike conventional displays whose quality 
reflects the disparity of the characteristics of the transistors, 
Furthermore, even if the data signal or the present invention is 
increased to a high voltage level to. cope with the worst 
transistor, the high voltage 13 not directly applied to the 
liquid crystal so that the liquid crystal is not damaged by the 
high voltage, Namely, in this case, the high voltage is applied 
to the gate electrode of the second transistor Tr 2 which has a 
with0tanding voltage from several times tc ten and several times 
as high as that of the liquid crystal. 

On the other hand, the high voltage such as 30V is not 
desirable from the view point of power consumption and damage to 
other circuitry or a human body, Thia problem can be solved by 
inverting the driving voltage supplied from the voltage supplying 
line as will be explained with Fig, 4(c). Namely, if the data 
signal supplied from the data line Vp is negative, the absolute 
value or the voltage at the source is increased by the voltage 
drop as illustrated in Fig, 4(C), When the driving voltage and the 
data signal are +5V and -SY, the final voltage of the source of 
the first transistor be comes -7.5V. in this case, data may be 
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supplied from the data Una in terras of binary states 
corresponding to the source level of the first transistor. The 
second transistor therefore has to be selectively turned on or 
off in response to the negative voltage and the ground, For 
example, the second transistor may be a p-channel enhancement 
mode transistor or an n-char.nel depression niode transistor. 
Anyway, it is an advantage that "both the addressing line and the 
data line can ba driven by a single vcitagfi scurca of 3V. 

When the addressing line is addressed with the data line 
being 0, the source cf the first transistor Tr 1 is pushed down to 
-2.5V aue to tha voltage drop* in this case, the p-type second 
transistor may be turned en in error and transmit the driving 
voltage to the pixel, if it is a poly3ilicon transistor having a 
threshold voltage higher than -2*5V, Such a trouble can be 
avoided by supplying a positive voltage such as to the data 

line to guarantee that the second transistor is turned off with 
its gate being at CV\ The data is supplied in this case to the 
data line in terms of binary signals consisting of +2 ,5V and -5V. 

2n the preceding embodiments, electric charge is 
eliminated from each pixel by grounding the voltage supplying 
line just before the corresponding first transistor is turned on, 
The electric charge can ba more positively eliminated as in a 
third embodiment cf the present invention illustrated in 
Tig, 5(A). In this case, a third transistor *rr 3 is connected 
between the addressing line and the voltage supplying line. Since 
the gate of the third transistor Tr 3 is connected to ths data 
line, electric charge is eliminated during application of an 
addreasing aignal to tha transistor Tr 3< The parasitic 
capacitance between the sate and the drain of the third 
transistor Tr 3 causes a voltage drop* The voltage drop is 
neglected because the capacitance associated with the electrode 
pad of the pixel is substantially greater than the parasitic 
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capacitance. Alternatively, a resistance may be inserted in 
parallel to the liquid crystal as illustrated in Fis*5(B), Baah 
pixel comprises a oapacitor comprising the electrode pad, the 
electro-optical modulating layer (liquid crystal layer) and the 
opposed electrode arrangement. A resistor may be provided in 
parallel vita the capacitor far each pixel. The time constant o£ 
the resistance and the liquid crystal is preferably selected to 
be on the same order as the time -period of one frame, e.g. 33 
milliseconds in usual mode displays. If more high speed discharge 
is desired as in digital grading, the time constant is selected 
to be a« short 33 500 microseconds for 84 grades or 125 
microseconds for 25 6 grades in order to obtain clear images 
without afterimages and blurs. 

It is impossible in conventional displays to provide sucn 
a bypass resistance through which electric charge escapes* Since 
dispersion of such resistances is usually about 20% or higher, 
the voltages across the liquid crystal at respective pixels are 
dispersed during one frante also in a span. In accordance with 
the present invention, howevsr, the I'cltage across the liquid 
crystal is supplied from "Ghe voltage supplying line and therefore 
the supplied voltages are maintained for each frame. 

Fig. 6(A) illustrates one pixel of a liquid crystal 
display in accordance with a fourth embodiment of the present 
invention. The pixel is provided with an enhancement type NttOS 
transistor as the first transistor Tr^ and a depression type NMOS 
transistor as tns second transistor Tr 2 . The pixel is driven in 
the following manner as explained with referenoe to Fig. 8(3). The 
pixel is addresses >>y a pulse of 10V supplied rrom the addressing 
line- Data is given to the data line in terma of binary signals 
of +av and When a 10V pulse is applied to the addressing 

line with the data line being set at +8V, the first transistor is 
turned on and thereafter turned off to generate the source 
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voltage which rises and than drops as illustrates and 

explained before, in this case, the source voltage rises to 
+8V and drops to 3V due to a voltage drop of 5V, The transistor 
Tr 2 is turned on by the voltage V x and transmits the driving 
voltage from the voltage supplying line to the pixel, aince it 
operates in a depression mode, if the data signal at the data 
line is -3V in the nexz frame as illustrated, the aouroe voltage 
Vj, ie eventually set at -13V due to a voltaga drop Of 3V. The 
second transistor is turned off in response to the voltage change 
at the source and isolates the pixel from the voltage supplying 
line, of course, if the data line remains at *8V also in the next 
frame as depioted with broken line in the figure, the second 
transistor remains turned an to transmit the negative voltage at 
the voltage supplying line to the pixel. 

Fig, 7(A) illustrates one pixel ot a liquid crystal 
display in accordance with & fifth embodiment of the present 
invention. The pixel is provided wit & CMOS tra.n3ist.ors comprising 
an n-typs transistor as the first transistor Tr 1 and a p-type 
transistor as the second transistor Tr z , The pixel is drivan in 
the following manner as explained with reference to Fig. 7 (3), The 
pixel is addressed by a pulse of 10V supplied from the addressing 
line. Data is given to the data line in terms of binary 3ignals 
of +av and -SV, In this case, however, an negative voltage (-8V) 
is given to the data line in order to activate the pixel in the 
opposite manner as compared to the previous embodiment - When a 
10V puis* is applied to the addressing line with the data line 
t)ein£ set at +av, the first transistor Tr ; is turned on and 
thereafter turned off to generate the source voltage v 1 wnicn 
rises and then drops as illustrated and explained before > In this 
case, the source voltage v t rises to' +SV and drops to 3V due to a 
voltage drop of 5V, The transistor Tr a is turned off by the 
voltage v x and isolates the pixel from the voltage supplying line 
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so that tha pixel remains grounded, if the data signal at the 
data line is -6V, after discharge of the pixel with the voltage 
supplying Urns being grounded, in the next frame as illustrated! 
the source voltage is eventually set at -13V due to a voltage 
drop of 5V, The second transistor is turned on in response to the 
voltage change at the gate and transmits the negative driving 
voltage from the voltage supplying line tc the pixel, Of coursa, 
if the pixel is desired to Ce activated for the two frames as 
depicted with broken line in the figure, tho eacond transistor 
regains turned on through the two rranses to transmit the positive 
voltage and the negative voltage from the voitags supplying Una 
to the pixel. 

Next, examples of 3ignais supplied to the respective 
lines of the liquid crystal display in accordance with the firth 
embodiment of the present invention tc construct images in 3S 
grad*3 -will be explained with refarence to Fig. 8, Of course, a 
greater number of grades than 32 can fce realized in the seune 
manner, Details of thia technique is described in Japanasa Patent 
Application No,Hei3-203S59 filed hy the same applicant* 

It takes 33 microseconds to construct an imaga of ona 
frame. Fig.S illustrates signals appearing within one frame which 
is divided into five periods. The shortest period lasts for a 
unit time To as shown in the right of the figure. The driving 
voltage is applied to the supplying line* e.g. for only 70* to 
909* of the period for the above explained reason. Although the 
other four periods are illustrated to haTe the same width as the 
shortest period in the figure for convenience, these periods laat 
raspactiveiy rar isto, 2TQ , 3To and 4To in fact. All the rows of 
the display are scanned one time within eaoh period in the same 
manner. For example, when an addressing signal having 1 
microsecond pulse width is supplied to the addressing line V G of 
the row connected to the pixel with the corresponding data line 
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V D being at +SV, the second transistor Tr 2 is turned off and the 
off -condition is maintained throughout the shortest period. Whan 
an addressing signal is supplied again to the addressing line V Q 
'at the start of the next 16To period with the corresponding data 
line v D being at -t-SV, the off-condition of the second transistor 
is furthermore maintained throughout the I6T0 period. The voltage 
across the liquid orystal is 0 during these periods. Whan an 
addressing signal is supplied asain to the addressing line V Q at 
the start of the next 2To period with the corresponding data line 
V D being at -av, tha second transistor Tr 2 is turned on and the 
on-conditicn is maintained throughout the period, tfhen an 
addressing signal is supplied again to the addressing line Vg, at 
tha start of the next 8T0 period with the corresponding data line 
V D being at -SV, the cn-condition of the second transistor is 
furthermore maintained throughout the 6To period. The liquid 
orystal ia supplied with the driving voltage during the as 
periods. When an addressing signal is supplied again to the 
addressing line V Q at the start of the next 4To period with the 
corresponding data line V 5 Oein* at +8V # the second transistor 
Tr s is turned off and the off-condition of the second transistor 
is maintained throughout the 4To period. In this case, the liquid 
crystal is activated for total time of lOTo out of 3iTc, It will 
be understood that the total time can be arbitrarily changed by 
the unit time To from 0 to 3iTo in order to obtain a desired 
grade by suitably combining the five periods. 

The unit period To is selected to ba about a 32nd of one 
frame (33/32 milliseconds), i.e, about 1 millisecond. As 
explained in tfte previous embodiment, a space duration is 
provided between the addressing signal and the driving voltage, 
The space duration ia selected to be 10 microseconds as shown in 
Fig. 8, The driving voltage lasts for c.98 millisecond within the 
To period. Exactly saying, the space duration has to be selected 
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in proportion to the length of each period In order to obtain 
these grades in the ratios of whole numbers. For example, the 
I6T0 period id provided with a space duration of 180 microseconds 
to have the driving voltage lasting for 15.68 milliseconds, which 
is exactly 16 times 0.98 millisecond, The space duration, 
however, may be selected commonly to be 10 microseconds for all 
the periods since anyway the jspaca duration is very short as 
compared, with these periods. For example, if ths ISTc period is 
provided with a space duration of 10 microseconds to have the 
driving voltage lasting for 15.95 milliseconds, the ratio is 
1:18.12 which is not so largely different from 1:18. 

The puis* width of the addressing signal is determined in 
accordance with the number of rows. If the number is 480, the 
pulse width is calculated by To/480, i.e. about 2 microseconds, 
in the figure f the pulse width is selected to be 1 microsecond 
for the purpose of avoiding interference between adjacent pulses. 
This requires high speed, operations as compared with conventional 
cases of ao to 70 microseconds ' puleo width* In accordances with 
the present invention, however, there arise no problem since the 
load of the transistor is significantly light as compared with 
that in the conventional cases. Experiments were conducted 
utilizing low quality transistors. The voltage drop was 25% of 
the gate voltage* The source voltage of tha first transistor is 
reduced to $0% of the initial level after time To and to 5096 
after tine lfiTo. The display, however, normally operated as 
illustrated in Fig. 8, 

The peripheral circuit for driving the liquid crystal 
panel in accordance with the present invention has to supply- 
suitable signals to the voltage supplying linos in addition to 
the addressing lines and the data lines, If the panel is formed 
with polysilicon semiconductor thin film transistors in a self- 
aligMent manner, tne peripheral circuit can be termed at the 
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»ama time in order that particular care need not be -aken for 
coupling the circuit with the matrix of the panel. If tha 
transistors ore polysilicon transistors fonned in a non-self- 
alignment manner or amorphous silicon translators, the peripheral 
circuit must he separately formed, in driver ICS and externally 
connected to the respective terminals of the panel. When the 
panel is designed to oparate in a vary high grading mode such as 
256 grades, even self-aligned polysiliccn thin film transistors 
can net be used and particular external drivar ICs must be 
provided instead, in such a case, a liquid crystal panel 901 is 
provided with the terminals of the addressing lins in tha left 
side of the panel and the terminals of the voltage supplying 
lines in the right side of the panel as illustrated in Fig. 9. 
Driving ICs for supplying addressing signals and driving ics for 
supplying driving voltages ars mounted respectively in the left 
sida of the panel and the right sine of the panel. The panel is 
divided Into two portions as defined by broken line in the 
figure. The two portions comprises an upper panel and a lower 
panal which can tie driven Independently by data signals supplied 
from ICs mounted on both tha upper and lower sides of the panel. 
In this fashion, the upper and lower panels can be scanned in 
parallel so that the driving frequency can be reduced by half. 
This is particularly advantageous ir a higher grading is desired, 
Next,, several methods of producing the circuit for 
supplying driving voltages to the pixel of the liquid crystal 
display in accordance vfi th the present invention will be 
explained. £heee method can be suitably carriad out, with some 
Kioairication If necessary, in order to construct a variety of 
circuits inoluding the abova diaousBad embodiments , e.g. driving 
circuits comprising PMOS TSTs, NMOS TFTs , depression mode MOS 
TFTs j enhancement mode MGSTjTTs 7 planar type transistors, stagger 
type transistors, or other type transistors having impurity 
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regions farmed in a self-alignment manner or a non-self -alignment 
manner. A first example is described with reference to Fig. 10(A) 
to 10(D) showing cross sectional views of the circuit in 
respective steps and Fig* 11 (A) to 11{D) showing corresponding 
plan views. In the figure, numeral iot designate the first 
transistor which has been discussed above in details while 
numeral 108 dasignate the second transistor* 

A blocking film 102 is formed on a glaes subetrat© 101. 
The blocking film 102 is made of silicon nitrida, aluminum oxide 
or the lilce which can block movable ions such as sodium ions 
occurring in the substrate from entering silicon semiconductor 
films 104 of 20 to 100 nm thickness which are formed on the 
blocking film 102 through an insulating filra 103. The insulating 
film loa is formed from silicon oxide and functions to hinder 
formation of interfacial states which could otherwise occur 
batween the blocking film 102 and tne semiconductor film 104. 

Bach of the semiconductor films is formed with drain, 
source and channel regions tnarein. The left film becomes the 
active region of the first thin film transistor while the right 
film becomes the active region of the second thin film 
■transistor. The conductivity types and the other characteristics 
of the respective semiconductor regions are determined in 
accordance with the whole circuit design which will be fully 
understood from ths previous embodiments and therefore dispensed 
with here* The substrate 101 is then coated with an insulating 
film 105 of SO to 200 nm thicknese functioning as a gate 
insulating film over the semiconductor rilms 104. The gate 
insulating film is formed from silicon oxide, for example, by 
sputtering or ECR-CVD. Gata electrodes 106 are made, for example, 
of a highly doped polysilicon or a refractory metal such as Cr> 
w, which are particularly suitable when formed in a self- 
alignment manner, as illustrated in Fig. 10 (A) and Fig, 11(A). 
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After suitable contact hcla* ar© opened through the 
insulating film 105 at the source 103 and the drain regions 104 
v of the first transistor 107, a wiring 109 and a data line 110 are 
'formed from a metal "by etching in order to make contact with the 
source region 103 and the drain region 104 respectively. Th© 
wiring 10B is formed also to main contact with the sate electrode 
105 of the second transistor 108 in order to connect the source 
cf th© first transistor to tha gate electrode of the second 
transistor as illustrated in Fig. 11(B). 

The struotura is then coated with an interlayer 
insulating film 111. After suitable contact holes are opened 
through the interlayer insulating film ill at the gate electrode 
of the first transistor lor and the drain of the second 
transistor 108, an addressing line 113 and a voltage supplying 
line 112 are formed from a metal film by etching. The addressing 
line 113 and the voltage supplying line 112 are connected through 
the contact holes to the gate electrode or the first transistor 
107 and the drain of the second transistor 10& respectively as 
illustrated in Figs. 10(C) and 11(C). The interlayer insulating 
film 111 is particularly desired to be highly insulating because 
electric charge must be maintained at the gate of the second 
transistor during one frame. 

The upper surface cf the structure is then coated with a 
surface smoothing film 114. Attar a suitable contact hole is 
opened through the smoothing film 114 at the source of the second 
transistor iOS, an electrode pad lis of the pixel is formed from 
a transparent conductive film such as an IT0 (an alloy of indium 
oxide and tin oxide) film to malca contact with the source of the 
second transistor 108. 

Referring next to Fig. 12(A) to 12(D), a methods of 
producing the circuit for supplying driving voltages to the pixel 
of the liquid crystal display in accordance with the fourth 
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embodiment of the present invention illustrated in Fig* 8 (A) will 
be explained. In the figure, numerals 203 and 210 designate the 
first and second transistors respectively in an inversed 
staggered type. Pig- 13(A) to 12(D) are cross seotiona.1 views 
shewing the circuit in respective 3tspa. 

A blocking film 202 is formed on a glass substrata 201 in 
the same manner as in the previous method. The blocking film 1QZ 
is made or silicon nitride for blocking movable ions such as 
sodium ions- Gate electrodes 203 are formed on the blocking film 
102. The gate electrode of the first transistor 210 i3 formed 
integrally with the addressing line. These gate electrodes are 
preferably made Of a metal such as aluminum or a semiconductor 
such as silicon. When formed from aluminum, the yield can be 
improved by ampioying a low temperature process, oxide films of 
10 to 30 .run thickness may be formed on the external surfaces of 
the gato electrodes if desired, for example, fcy anodic oxidation 
or another suitable method, An interlayer insulating film 204 is 
coated on the substrate. The insulating film 204 overlies the 
sate electrode to function as the gate insulating films of the 
first and second transistors 209 and 210. 

An intrinsic amorphous silicon semiconductor film 205 is 
formed over the gate eleotrode of ^he first transistor 209 to 
form active region. On the intrinsic semiconductor film 203 is 
formed an n + type microcrystalline silicon semiconductor film 
which is divided into source and drain regions 205 and 207 with 
an etching stopper 208 in between. 7or the second transistor 210, 
an n type semiconductor amorphous silicon semiconductor film 206 
is formed over the gate electrode to form active region, followed 
by forming on the semiconductor film 206 an n* type 
ttllcrocrystalline silicon s ami conduct or film which is divided into 
source and drain regions with an etohing stopper in the same 
manner* As a result, the first transistor is formed as an 
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enhancement device and the ascend transistor as a depression 
device as shown in Fig. 12(A)* 

After forming a contact hole to provide an access to the 
gate electrode of the second transistor 210, a data line ail and 
an wiring 212 are formed from a metal, The data line 211 is 
patterned to make contact witn me drain region 20T of the first 
transistor 209 and the wiring 212 is patterned to connect the 
source region 305 of the first transistor 209 and the gate 
electrode of the second transistor 210 in the same manner as 
illustrated in Fig. 11(B). 

The structure is then coated with an icterlayer 
insulating film 213, After a suitable contact hole is opened 
through the intariayer insulating film 213 at the drain of the 
second translator 210, a voltage supplying line 214 are formed 
from a metal film by etching* The voltage supplying line 214 are 
connected through the contact hole to the drain of the second 
transistor 310 as illustrated in Figs. 12(C). The upper surface of 
the structure is then coated with a surface smoothing film 216. 
After a suitable contact hole is opened througn tne smoothing 
film 215 at the source of the second transistor 210, an electrode 
pad 21? of the pixel is formed from a transparent conductive film 
such as an ITQ film to ma£e contact with the source of the second 
transistor 210 as illustrated in Pig* 12(D), 

The fifth embodiment of the present invention shown in 
Fig. 7(A) can be formed in the same manner aa illustrated in 
Pigs. 12(A) to 12(B), In this case, whereas bcth the active 
regions 205 and 206 are formed from an intrinsic semiconductor, 
the source and drain regions of the secona semiconductor are 
formed, from a p"*" type semiconductor. Since the mobility in a p + 
type amorphous semiconductor is very low, the transistors are 
desirably formed from a polys ilicon semiconductor. Laser 
annealing is suitable for producing the polysiiicon semiconductor 
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at lew temperatures because wrier, aluminum is used to form the 
gate electrodes it tends to be degraded at temperatures no lower 
than 550. 

Fig. 13(A) to 13(C) shows plan views of the circuit for 
supplying driving voltages in accordance with the fifth 
embodiment of the present invention in respective production 
steps . 

A sate electrode 301 and a wiring 301 1 are patterned on a 
blocking film formed on a glass substrate in the same manner* The 
blocking film is made of silicon nitride for blocking movable 
ions such as sodium ions. The gate electrode 301 is formed to 
extend as an addressing line. Thsss gate electrodes are 
preferably made of a metal such as aluminum or a semiconductor 
auoh as silicon. Oxide films of 1Q to 30 nm thickness may be 
formed on the external surfaces of the gat* electrodes if 
dasirad, for example, by anodic oxidation or anothar suitable 
method. After an interlayer insulating film is coated on the 
substrate as the gate insulating films of the first and second 
transistors, an intrinsic amorphous silicon semiconductor film 

302 is formed and patterned to cover both the gate electrodes of 
the first and second transistor to form active regions, A contact 
hole 3C4 is opened through the insulating film* On the intrinsic 
semiconductor film 302 over tha gate electrode of the first 
transistor .is formed an n* type miorooryetalline silicon 
semiconductor film 305 which is patterned into source and drain 
regions with an etching stopper (not shown) , The source region 
305 is connected to the gate electrode 301' of the ' second 
transistor through the contact hole 304, For the second 
transistor, p + type mioroorystalline silicon semiconductor film 

303 is farmed on the intrinsic semiconductor film 303 and 
patterned into source and drain region* with an otching stopper 
in the same manner. As a result, CMOS devices comprising the 
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first transistor and the second transistor as shewn in rig, 13(A) 
in completed. 

A data lina 211 is formad from a metal in oraar to make 
contact with the drain 305 of the first transistor. An interlayer 
insulating film la then format! ovar tho structure ana contact 
holes 307 and 309 ara cpaned therethrough to provide accesses to 
the source and the drain of the 3eccnd transistor. A voltage 
supplying line SOS is farmed to make contact with the source of 
the second transistor* An electrode pad 310 of the pixel is 
formed to make contact with the drain or the second transistor, 

This process can be applied for other embodiments of the 
present i avast ion by suitably selecting the conductivity types of 
tna respective semiconductors and making necessary modification 
if naoeasory. Tha raspaotive staps of tha above procs^a to form 
the CMOS device are summarised as follows. The numbers in 
brackets [ ] are the mask numbar. 

1) formation of the addressing line 301 and the gate 
electrode 301* [1], 

2} formation of the gate insulating film (intarlayar 

insulating film), 

3) formation of the semiconductor film 302[23, 

4} formation' of the etching stoppers (not shown) C3], 

3} formation of the contact hole 304£4], 

B) formation of the eamioonductor film 305[5], 

7) formation of the semiconductor film 303[8], 

8) formation of the data line 306[7], 

9) rormation or tne mterlayer insulating film, 

10) formation of the contact holes 307 and scsCs]* 

11) formation of the voltage supplying line 308[9], 

12) formation of the electrode pad 310 of the pixei[10]. 
Figs. 14(A) and 14(b) are a cross sectional view and a 
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plan view snowing the configuration of a device in accordance 
with the present invention which can he manuf aotured without: 
opening contact holes. 

An addressing line 402 is formed on a glass substrate 

401. The addressing line functions as the gate electrode of the 
first transistor. The surface of the addressing line may be 
oxidised to form an oxide film of 10 to 200 nm thickness for 
example by anoding, An interlayer insulating film 403 is coated 
on the substrate over the addressing line and etched bacis to 
provide a flat upper surface. Tha interlayer insulating film 403 
functions as the gate insulating film above the addressing line 

402. The side surfaces of the addressing line may be tapered to 
avoid formation of sharp edges and improve the adhassivity to the 
interlayer insulating film 403. By this taperins, the upper width 
of the addressing line 402 is narrowed so that the channel length 
of the first transistor is decreased. This is advantageous 
because a lower resistance of the addressing line and a shorter 
channel length are always desired. 

a semiconductor film 405 of 20 to 100 nm is formed to 
provide the active region of the first transistor* The film 403 
is made of a polycrystalline silicon, an amorphous silioon or 
another silioon semiconductor of an intermediate crystalline 
state betue^n them. A silicon nitride film is formed on the 
semiconductor film 405 and patterned as a channel stopper 406 to 
define a channel region in the underlying semiconductor film 405, 
The channel stopper 403 is particularly effective when the 
semiconductor film 405 is very thin and therefore tends to be 
easily damaged, 

Kext, an n+ typa microcrystaiiine silicon semiconductor 
film is farmed over the structure and patterned in order to 
provide a first pattern 407 axtanding as the gate electrode of 
the second transistor and as the source of the first transistor 
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located over the right aides of the semiconductor film 405 and 
the stopper 406 as illustrated in Tig. 14(B) and a second pattern 
4DB extending over the lift sides of the semiconductor film 405 
and the stopper 408 as the drain of the second transistor, in 
accordance with the present invention, since electric charge is 
accumulated in the source of the first transistor and the gats 
electrode of the second transistor, such an integrated structure 
of the source and the gate electrode is very advantageous. Then a 
data line 409 is formed rrom a metallic material in order to make 
contact with the second pattern 403. 

After coating an interiayer insulating film 410 of 
silicon oxide over the structure, a semiconductor film 411 of 20 
to 100 am is formed to provide the active region of the second 
transistor. The film 411 is made of a polycrystalline silioon, an 
amorphous silicon or another silicon semiconductor of an 
intermediate crystalline state between them. A silicon nitride 
film is formed on the semiconductor film 411 and patterned as a 
Channel stopper 412 to define a channsi region in the underlying 
semiconductor film 411, Next, a p + typo microorystalline silicon 
semiconductor film is formed over the structure and patterned in 
order to provide the source and the drain of the second 
transistor to provide a CMOS structure. A voltage supplying line 
414 is formed to make contact with the source of the. seoond 
transistor. An electrode pad 415 of tha pixel is formed to make 
contact with the drain of the second transistor. 

This process can be applied for other embodiments of the 
present invention lay suitably selecting the conductivity types of 
-che respective semiconductors and making necessary modification 
if necessary. The respective steps of the above process to form 
the CMOS device are summarised as follows. The numbers in 
brackets £ 1 are tne masic number. 
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1) formation of the addressing line 402[i], 

2) formation of the gate insulating film (interlayer 
insulating film) 403, 

3) formation of the semiconductor film 4C3[2l* 

4) formation of the etching stopper 40fc[33, 

5) formation of tha semiconductor films 407 and 408 [4], 
3) formation of the data line 409C5], 

7) formation of the gate insulating film (interlayer 
insulating film) 4io, 

S) formation of the semiconductor film 4ii[6]» 
3) formation of the etching stopper 412C7], 

10) formation of tha semiconductor film 413[3], 

11) formation of the voltage supplying line 4l4[a], 

12) formation of the electrode* pad of tha pixal 415 [10]. 
The foregoing description of preferred embodiments has 

been presented for purposes of illustration and description. It 
is not intended to be exhaustive or to limit the invention to the 
precise form described, and obviously many modifications and 
variations ara possible in light cf tha above teaching. The 
embodiment was chosen in order to explain most clearly the 
principles of the invention and its practical application thereby 
to enable others in the art to utilize most effectively the 
invention in various embodiments and with various modifications 
as are suited to the particular use contemplated. 
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WHAT IS CLAIMED IS: 



1 . An operation method of an active matrix device comprising: 
a substrate having an insulating surface; 
a first signal line extending over said substrate; 
5 a first top-gate type thin film transistor having a channel region 

comprising crystalline silicon formed over said substrate wherein a gate of said first 
thin film transistor is connected to said first signal line; 

a second signal line extending across said first signal line wherein 
said second signal line is connected to a drain of said first thin film transistor; 
10 a second top-gate type thin film transistor having a channel region 

comprising crystalline silicon formed over said substrate wherein a signal is applied 
to a gate of said second thin film transistor from said second signal line through at 
least said first thin film transistor; 

a voltage supply line formed over said substrate wherein said voltage 
1 5 supply line is connected to a drain of said second thin film transistor; 

a pixel electrode formed over said substrate wherein said pixel 
electrode is connected to a source of said second thin film transistor; and 

a driving circuit formed over said substrate for driving at least one of 
said first and second thin film transistors, said driving circuit comprising a third thin 
20 film transistor wherein a channel forming region of said third thin film transistor 
comprises crystalline silicon, 

said method comprising a step of applying a voltage from said voltage 
supply line to said pixel electrode for a period during one frame, wherein said period 
is determined in accordance with a desired tone of a display. 



25 2. An operation method of an active matrix device comprising: 

a substrate having an insulating surface; 
a first signal line extending over said substrate; 
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a first bottom gate type thin film transistor having a channel region 
comprising crystalline silicon formed over said substrate wherein a gate of said first 
thin film transistor is connected to said first signal line; 

a second signal line extending across said first signal line wherein 
5 said second signal line is connected to a drain of said first thin film transistor; 

a second bottom gate type thin film transistor having a channel region 
comprising crystalline silicon formed over said substrate wherein a signal is applied 
to a gate of said second thin film transistor from said second signal line through at 
least said first thin film transistor; 
10 a voltage supply line formed over said substrate wherein said voltage 

supply line is connected to a drain of said second thin film transistor; 

a pixel electrode formed over said substrate wherein said pixel 
electrode is connected to a source of said second thin film transistor; and 

a driving circuit formed over said substrate for driving at least one of 
1 5 said first and second thin film transistors, said driving circuit comprising a third thin 
film transistor wherein a channel forming region of said third thin film transistor 
comprises crystalline silicon, 

said method comprising a step of applying a voltage from said voltage 
supply line to said pixel electrode for a period during one frame, wherein said period 
20 is determined in accordance with a desired tone of a display. 

3. An operation method of an active matrix device comprising: 
a substrate having an insulating surface; 
a first signal line extending over said substrate; 
a first thin film transistor having a channel region comprising 
25 crystalline silicon formed over said substrate wherein a gate of said first thin film 
transistor is connected to said first signal line; 

a second signal line extending across said first signal line wherein 
said second signal line is connected to a drain of said first thin film transistor; 
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a second thin film transistor having a channel region comprising 
crystalline silicon formed over said substrate wherein a signal is applied to a gate of 
said second thin film transistor from said second signal line through at least said first 
thin film transistor; 

a voltage supply line formed over said substrate wherein said voltage 
supply line is connected to a drain of said second thin film transistor; 

a pixel electrode formed over said substrate wherein said pixel 
electrode is connected to a source of said second thin film transistor; and 

a driving circuit formed over said substrate for driving at least one of 
said first and second thin film transistors, said driving circuit comprising a third thin 
film transistor wherein a channel forming region of said third thin film transistor 
comprises crystalline silicon, 

said method comprising a step of applying a voltage from said voltage 
supply line to said pixel electrode for a period during one frame, wherein said period 
is determined in accordance with a desired tone of a display. 

4. An operation method of an active matrix device comprising: 

a substrate having an insulating surface; 

a first signal line extending over said substrate; 

a first top-gate type thin film transistor having a channel region 
comprising crystalline silicon formed over said substrate wherein a gate of said first 
thin film transistor is connected to said first signal line; 

a second signal line extending across said first signal line wherein 
said second signal line is connected to a drain of said first thin film transistor; 

a second top-gate type thin film transistor having a channel region 
comprising crystalline silicon formed over said substrate wherein a signal is applied 
to a gate of said second thin film transistor from said second signal line through at 
least said first thin film transistor; 

a voltage supply line formed over said substrate wherein said voltage 
supply line is connected to a drain of said second thin film transistor; 
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a surface smoothing film formed over said first and second thin film 

transistors; 

a pixel electrode formed over said surface smoothing film wherein 
said pixel electrode is connected to a source of said second thin film transistor; and 

a driving circuit formed over said substrate for driving at least one of 
said first and second thin film transistors, said driving circuit comprising a third thin 
film transistor wherein a channel forming region of said third thin film transistor 
comprises crystalline silicon, 

said method comprising a step of applying a voltage from said voltage 
supply line to said pixel electrode for a period during one frame, wherein said period 
is determined in accordance with a desired tone of a display. 

5. An operation method of an active matrix device comprising: 

a substrate having an insulating surface; 

a first signal line extending over said substrate; 

a first bottom gate type thin film transistor having a channel region 
comprising crystalline silicon formed over said substrate wherein a gate of said first 
thin film transistor is connected to said first signal line; 

a second signal line extending across said first signal line wherein 
said second signal line is connected to a drain of said first thin film transistor; 

a second bottom gate type thin film transistor having a channel region 
comprising crystalline silicon formed over said substrate wherein a signal is applied 
to a gate of said second thin film transistor from said second signal line through at 
least said first thin film transistor; 

a voltage supply line formed over said substrate wherein said voltage 
supply line is connected to a drain of said second thin film transistor; 

a surface smoothing film formed over said first and second thin film 

transistors; 

a pixel electrode formed over said surface smoothing film wherein 
said pixel electrode is connected to a source of said second thin film transistor; and 
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a driving circuit formed over said substrate for driving at least one of 
said first and second thin film transistors, said driving circuit comprising a third thin 
film transistor wherein a channel forming region of said third thin film transistor 
comprises crystalline silicon, 

said method comprising a step of applying a voltage from said voltage 
supply line to said pixel electrode for a period during one frame, wherein said period 
is determined in accordance with a desired tone of a display. 

6. An operation method of an active matrix device comprising: 

a substrate having an insulating surface; 

a first signal line extending over said substrate; 

a first thin film transistor having a channel region comprising 
crystalline silicon formed over said substrate wherein a gate of said first thin film 
transistor is connected to said first signal line; 

a second signal line extending across said first signal line wherein 
said second signal line is connected to a drain of said first thin film transistor; 

a second thin film transistor having a channel region comprising 
crystalline silicon formed over said substrate wherein a signal is applied to a gate of 
said second thin film transistor from said second signal line through at least said first 
thin film transistor; 

a voltage supply line formed over said substrate wherein said voltage 
supply line is connected to a drain of said second thin film transistor; 

a surface smoothing film formed over said first and second thin film 

transistors; 

a pixel electrode formed over said surface smoothing film wherein 
said pixel electrode is connected to a source of said second thin film transistor; and 

a driving circuit formed over said substrate for driving at least one of 
said first and second thin film transistors, said driving circuit comprising a third thin 
film transistor wherein a channel forming region of said third thin film transistor 
comprises crystalline silicon, 
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said method comprising a step of apply ing a voltage from said voltage 
supply line to said pixel electrode for a period during one frame, wherein said period 
is determined in accordance with a desired tone of a display. 



5 7. An operation method of an active matrix device comprising: 

a substrate having an insulating surface; 

a first signal line extending over said substrate; 

a first top-gate type thin film transistor having a channel region 
comprising crystalline silicon formed over said substrate wherein a gate of said first 
1 0 thin film transistor is connected to said first signal line; 

a second signal line extending across said first signal line wherein 
said second signal line is connected to a drain of said first thin film transistor; 

a second top-gate type thin film transistor having a channel region 
comprising crystalline silicon formed over said substrate wherein a signal is applied 
15 to a gate of said second thin film transistor from said second signal line through at 
least said first thin film transistor; 

a voltage supply line formed over said substrate wherein said voltage 
supply line is connected to a drain of said second thin film transistor; 

a pixel electrode formed over said substrate wherein said pixel 
20 electrode is connected to a source of said second thin film transistor; and 

a driving circuit formed over said substrate for driving at least one of 
said first and second thin film transistors, said driving circuit comprising a third thin 
film transistor wherein a channel forming region of said third thin film transistor 
comprises crystalline silicon, 
25 wherein a channel width of said second thin film transistor is larger 

than a channel width of said first thin film transistor, 

said method comprising a step of applying a voltage from said voltage 
supply line to said pixel electrode for a period during one frame, wherein said period 
is determined in accordance with a desired tone of a display. 
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8. An operation method of an active matrix device comprising: 
a substrate having an insulating surface; 

a first signal line extending over said substrate; 

a first bottom gate type thin film transistor having a channel region 
comprising crystalline silicon formed over said substrate wherein agate of said first 
thin film transistor is connected to said first signal line; 

a second signal line extending across said first signal line wherein 
said second signal line is connected to a drain of said first thin film transistor; 

a second bottom gate type thin film transistor having a channel region 
comprising crystalline silicon formed over said substrate wherein a signal is applied 
to a gate of said second thin film transistor from said second signal line through at 
least said first thin film transistor; 

a voltage supply line formed over said substrate wherein said voltage 
supply line is connected to a drain of said second thin film transistor; 

a pixel electrode formed over said substrate wherein said pixel 
electrode is connected to a source of said second thin film transistor; and 

a driving circuit formed over said substrate for driving at least one of 
said first and second thin film transistors, said driving circuit comprising a third thin 
film transistor wherein a channel forming region of said third thin film transistor 
comprises crystalline silicon, 

wherein a channel width of said second thin film transistor is larger 
than a channel width of said first thin film transistor, 

said method comprising a step of applying a voltage from said voltage 
supply line to said pixel electrode for a period during one frame, wherein said period 
is determined in accordance with a desired tone of a display. 

9. An operation method of an active matrix device comprising: 
a substrate having an insulating surface; 

a first signal line extending over said substrate; 
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a first thin film transistor having a channel region comprising 
crystalline silicon formed over said substrate wherein a gate of said first thin film 
transistor is connected to said first signal line; 

a second signal line extending across said first signal line wherein 
5 said second signal line is connected to a drain of said first thin film transistor; 

a second thin film transistor having a channel region comprising 
crystalline silicon formed over said substrate wherein a signal is applied to a gate of 
said second thin film transistor from said second signal line through at least said first 
thin film transistor; 

10 a voltage supply line formed over said substrate wherein said voltage 

supply line is connected to a drain of said second thin film transistor; 

a pixel electrode formed over said substrate wherein said pixel 
electrode is connected to a source of said second thin film transistor; and 

a driving circuit formed over said substrate for driving at least one of 
1 5 said first and second thin film transistors, said driving circuit comprising a third thin 
film transistor wherein a channel forming region of said third thin film transistor 
comprises crystalline silicon, 

wherein a channel width of said second thin film transistor is larger 
than a channel width of said first thin film transistor, 
20 said method comprising a step of apply ing a voltage from said voltage 

supply line to said pixel electrode for a period during one frame, wherein said period 
is determined in accordance with a desired tone of a display. 

10. An operation method of an active matrix device comprising: 
a substrate having an insulating surface; 
25 a first signal line extending over said substrate; 

a first top-gate type thin film transistor having a channel region 
comprising crystalline silicon and a first pair of impurity regions formed over said 
substrate wherein a gate of said first thin film transistor is connected to said first 
signal line; 



a second signal line extending across said first signal line wherein 
* said second signal line is connected to one of said first pair of impurity regions of 

said first thin film transistor; 

a second top-gate type thin film transistor having a channel region 
5 comprising crystalline silicon and a second pair of impurity regions formed over said 
substrate wherein a signal is applied to a gate of said second thin film transistor from 
said second signal line through at least said first thin film transistor; 

a voltage supply line formed over said substrate wherein said voltage 
supply line is connected to one of said second pair of impurity regions of said second 
1 0 thin film transistor; 

a pixel electrode formed over said substrate wherein said pixel 
electrode is connected to the other one of said second pair of impurity regions of said 
second thin film transistor; and 

a driving circuit formed over said substrate for driving at least one of 
1 5 said first and second thin film transistors, said driving circuit comprising a third thin 
film transistor wherein a channel forming region of said third thin film transistor 
comprises crystalline silicon, 

said method comprising a step of applying a voltage from said voltage 
supply line to said pixel electrode for a period during one frame, wherein said period 
20 is determined in accordance with a desired tone of a display. 

1 1 . An operation method of an active matrix device comprising: 
a substrate having an insulating surface; 
a first signal line extending over said substrate; 
a first bottom gate type thin film transistor having a channel region 
25 comprising crystalline silicon and a first pair of impurity regions formed over said 
substrate wherein a gate of said first thin film transistor is connected to said first 
signal line; 



50 



a second signal line extending across said first signal line wherein 
said second signal line is connected to one of said first pair of impurity regions of 
said first thin film transistor; 

a second bottom gate type thin film transistor having a channel region 
5 comprising crystalline silicon and a second pair of impurity regions formed over said 
substrate wherein a signal is applied to a gate of said second thin film transistor from 
said second signal line through at least said first thin film transistor; 

a voltage supply line formed over said substrate wherein said voltage 
supply line is connected to one of said second pair of impurity regions of said second 
1 0 thin film transistor; 

a pixel electrode formed over said substrate wherein said pixel 
electrode is connected to the other one of said second pair of impurity regions of said 
second thin film transistor; and 

a driving circuit formed over said substrate for driving at least one of 
1 5 said first and second thin film transistors, said driving circuit comprising a third thin 
film transistor wherein a channel forming region of said third thin film transistor 
comprises crystalline silicon, 

said method comprising a step of applying a voltage from said voltage 
supply line to said pixel electrode for a period during one frame, wherein said period 
20 is determined in accordance with a desired tone of a display. 

12. An operation method of an active matrix device comprising: 
a substrate having an insulating surface; 
a first signal line extending over said substrate; 
a first thin film transistor having a channel region comprising 
25 crystalline silicon and a first pair of impurity regions formed over said substrate 
wherein a gate of said first thin film transistor is connected to said first signal line; 

a second signal line extending across said first signal line wherein 
said second signal line is connected to one of said first pair of impurity regions of 
said first thin film transistor; 



a second thin film transistor having a channel region comprising 
crystalline silicon and a second pair of impurity regions formed over said substrate 
wherein a signal is applied to a gate of said second thin film transistor from said 
second signal line through at least said first thin film transistor; 

a voltage supply line formed over said substrate wherein said voltage 
supply line is connected to one of said second pair of impurity regions of said second 
thin film transistor; 

a pixel electrode formed over said substrate wherein said pixel 
electrode is connected to the other one of said second pair of impurity regions of said 
second thin film transistor; and 

a driving circuit formed over said substrate for driving at least one of 
said first and second thin film transistors, said driving circuit comprising a third thin 
film transistor wherein a channel forming region of said third thin film transistor 
comprises crystalline silicon, 

said method comprising a step of applying a voltage from said voltage 
supply line to said pixel electrode for a period during one frame, wherein said period 
is determined in accordance with a desired tone of a display. 

1 3 . An operation method of an active matrix device comprising: 

a substrate having an insulating surface; 

a first signal line extending over said substrate; 

a first top-gate type thin film transistor having a channel region 
comprising crystalline silicon and a first pair of impurity regions formed over said 
substrate wherein a gate of said first thin film transistor is connected to said first 
signal line; 

a second signal line extending across said first signal line wherein 
said second signal line is connected to one of said first pair of impurity regions of 
said first thin film transistor; 

a second top-gate type thin film transistor having a channel region 
comprising crystalline silicon and a second pair of impurity regions formed over said 
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substrate wherein a signal is applied to a gate of said second thin film transistor from 
said second signal line through at least said first thin film transistor; 

a voltage supply line formed over said substrate wherein said voltage 
supply line is connected to one of said second pair of impurity regions of said second 
thin film transistor; 

a surface smoothing film formed over said first and second thin film 

transistors; 

a pixel electrode formed over said surface smoothing film wherein 
said pixel electrode is connected to the other one of said second pair of impurity 
regions of said second thin film transistor; and 

a driving circuit formed over said substrate for driving at least one of 
said first and second thin film transistors, said driving circuit comprising a third thin 
film transistor wherein a channel forming region of said third thin film transistor 
comprises crystalline silicon, 

said method comprising a step of applying a voltage from said voltage 
supply line to said pixel electrode for a period during one frame, wherein said period 
is determined in accordance with a desired tone of a display. 

14. An operation method of an active matrix device comprising: 

a substrate having an insulating surface; 

a first signal line extending over said substrate; 

a first bottom gate type thin film transistor having a channel region 
comprising crystalline silicon and a first pair of impurity regions formed over said 
substrate wherein a gate of said first thin film transistor is connected to said first 
signal line; 

a second signal line extending across said first signal line wherein 
said second signal line is connected to one of said first pair of impurity regions of 
said first thin film transistor; 

a second bottom gate type thin film transistor having a channel region 
comprising crystalline silicon and a second pair of impurity regions formed over said 
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substrate wherein a signal is applied to a gate of said second thin film transistor from 
said second signal line through at least said first thin film transistor; 

a voltage supply line formed over said substrate wherein said voltage 
supply line is connected to one of said second pair of impurity regions of said second 
5 thin film transistor; 

a surface smoothing film formed over said first and second thin film 

transistors; 

a pixel electrode formed over said surface smoothing film wherein 
said pixel electrode is connected to the other one of said second pair of impurity 

10 regions of said second thin film transistor; and 

a driving circuit formed over said substrate for driving at least one of 
said first and second thin film transistors, said driving circuit comprising a third thin 
film transistor wherein a channel forming region of said third thin film transistor 
comprises crystalline silicon, 

1 5 said method comprising a step of applying a voltage from said voltage 

supply line to said pixel electrode for a period during one frame, wherein said period 
is determined in accordance with a desired tone of a display. 

1 5 * An operation method of an active matrix device comprising: 
a substrate having an insulating surface; 
20 a first signal line extending over said substrate; 

a first thin film transistor having a channel region comprising 
crystalline silicon and a first pair of impurity regions formed over said substrate 
wherein a gate of said first thin film transistor is connected to said first signal line; 

a second signal line extending across said first signal line wherein 
25 said second signal line is connected to one of said first pair of impurity regions of 
said first thin film transistor; 

a second thin film transistor having a channel region comprising 
crystalline silicon and a second pair of impurity regions formed over said substrate 
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wherein a signal is applied to a gate of said second thin film transistor from said 
second signal line through at least said first thin film transistor; 

a voltage supply line formed over said substrate wherein said voltage 
supply line is connected to one of said second pair of impurity regions of said second 
thin film transistor; 

a surface smoothing film formed over said first and second thin film 

transistors; 

a pixel electrode formed over said surface smoothing film wherein 
said pixel electrode is connected to the other one of said second pair of impurity 
regions of said second thin film transistor; and 

a driving circuit formed over said substrate for driving at least one of 
said first and second thin film transistors, said driving circuit comprising a third thin 
film transistor wherein a channel forming region of said third thin film transistor 
comprises crystalline silicon, 

said method comprising a step of applying a voltage from said voltage 
supply line to said pixel electrode for a period during one frame, wherein said period 
is determined in accordance with a desired tone of a display. 

16. An operation method of an active matrix device comprising: 

a substrate having an insulating surface; 

a first signal line extending over said substrate; 

a first top-gate type thin film transistor having a channel region 
comprising crystalline silicon and a first pair of impurity regions formed over said 
substrate wherein a gate of said first thin film transistor is connected to said first 
signal line; 

a second signal line extending across said first signal line wherein 
said second signal line is connected to one of said first pair of impurity regions of 
said first thin film transistor; 

a second top-gate type thin film transistor having a channel region 
comprising crystalline silicon and a second pair of impurity regions formed over said 
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substrate wherein a signal is applied to a gate of said second thin film transistor from 
said second signal line through at least said first thin film transistor; 

a voltage supply line formed over said substrate wherein said voltage 
supply line is connected to one of said second pair of impurity regions of said second 
5 thin film transistor; 

a pixel electrode formed over said substrate wherein said pixel 
electrode is connected to the other one of said second pair of impurity regions of said 
second thin film transistor; and 

a driving circuit formed over said substrate for driving at least one of 
1 0 said first and second thin film transistors, said driving circuit comprising a third thin 
film transistor wherein a channel forming region of said third thin film transistor 
comprises crystalline silicon, 

wherein a channel width of said second thin film transistor is larger 
than a channel width of said first thin film transistor, 
1 5 said method comprising a step of applying a voltage from said voltage 

supply line to said pixel electrode for a period during one frame, wherein said period 
is determined in accordance with a desired tone of a display. 

17. An operation method of an active matrix device comprising: 
a substrate having an insulating surface; 
20 a first signal line extending over said substrate; 

a first bottom gate type thin film transistor having a channel region 
comprising crystalline silicon and a first pair of impurity regions formed over said 
substrate wherein a gate of said first thin film transistor is connected to said first 
signal line; 

25 a second signal line extending across said first signal line wherein 

said second signal line is connected to one of said first pair of impurity regions of 
said first thin film transistor; 

a second bottom gate type thin film transistor having a channel region 
comprising crystalline silicon and a second pair of impurity regions formed over said 
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substrate wherein a signal is applied to a gate of said second thin film transistor from 
said second signal line through at least said first thin film transistor; 

a voltage supply line formed over said substrate wherein said voltage 
supply line is connected to one of said second pair of impurity regions of said second 
5 thin film transistor; 

a pixel electrode formed over said substrate wherein said pixel 
electrode is connected to the other one of said second pair of impurity regions of said 
second thin film transistor; and 

a driving circuit formed over said substrate for driving at least one of 
1 0 said first and second thin film transistors, said driving circuit comprising a third thin 
film transistor wherein a channel forming region of said third thin film transistor 
comprises crystalline silicon, 

wherein a channel width of said second thin film transistor is larger 
than a channel width of said first thin film transistor, 
1 5 said method comprising a step of applying a voltage from said voltage 

supply line to said pixel electrode for a period during one frame, wherein said period 
is determined in accordance with a desired tone of a display. 

1 8. An operation method of an active matrix device comprising: 
a substrate having an insulating surface; 
20 a first signal line extending over said substrate; 

a first thin film transistor having a channel region comprising 
crystalline silicon and a first pair of impurity regions formed over said substrate 
wherein a gate of said first thin film transistor is connected to said first signal line; 

a second signal line extending across said first signal line wherein 
25 said second signal line is connected to one of said first pair of impurity regions of 
said first thin film transistor; 

a second thin film transistor having a channel region comprising 
crystalline silicon and a second pair of impurity regions formed over said substrate 
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wherein a signal is applied to a gate of said second thin film transistor from said 
second signal line through at least said first thin film transistor; 

a voltage supply line formed over said substrate wherein said voltage 
supply line is connected to one of said second pair of impurity regions of said second 
5 thin film transistor; 

a pixel electrode formed over said substrate wherein said pixel 
electrode is connected to the other one of said second pair of impurity regions of said 
second thin film transistor; and 

a driving circuit formed over said substrate for driving at least one of 
1 0 said first and second thin film transistors, said driving circuit comprising a third thin 
film transistor wherein a channel forming region of said third thin film transistor 
comprises crystalline silicon, 

wherein a channel width of said second thin film transistor is larger 
than a channel width of said first thin film transistor, 
1 5 said method comprising a step of applying a voltage from said voltage 

supply line to said pixel electrode for a period during one frame, wherein said period 
is determined in accordance with a desired tone of a display. 

19. An operation method of an active matrix device comprising: 
a substrate having an insulating surface; 
20 a first signal line extending over said substrate; 

a first top-gate type thin film transistor having a channel region 
comprising crystalline silicon formed over said substrate wherein a gate of said first 
thin film transistor is connected to said first signal line; 

a second signal line extending across said first signal line wherein 
25 said second signal line is connected to a drain of said first thin film transistor; 

a second top-gate type thin film transistor having a channel region 
comprising crystalline silicon formed over said substrate wherein a signal is applied 
to a gate of said second thin film transistor from said second signal line through at 
least said first thin film transistor; 



a voltage supply line formed over said substrate wherein said voltage 
* supply line is connected to a drain of said second thin film transistor; and 

a pixel electrode formed over said substrate wherein said pixel 
electrode is connected to a source of said second thin film transistor; 
5 wherein a channel width of said second thin film transistor is larger 

than a channel width of said first thin film transistor, 

said method comprising a step of applying a voltage from said voltage 
supply line to said pixel electrode for a period during one frame, wherein said period 
is determined in accordance with a desired tone of a display. 

10 20. An operation method of an active matrix device comprising: 

a substrate having an insulating surface; 

a first signal line extending over said substrate; 

a first bottom gate type thin film transistor having a channel region 
comprising crystalline silicon formed over said substrate wherein a gate of said first 
15 thin film transistor is connected to said first signal line; 

a second signal line extending across said first signal line wherein 
said second signal line is connected to a drain of said first thin film transistor; 

a second bottom gate type thin film transistor having a channel region 
comprising crystalline silicon formed over said substrate wherein a signal is applied 
20 to a gate of said second thin film transistor from said second signal line through at 
least said first thin film transistor; 

a voltage supply line formed over said substrate wherein said voltage 
supply line is connected to a drain of said second thin film transistor; and 

a pixel electrode formed over said substrate wherein said pixel 
25 electrode is connected to a source of said second thin film transistor; 

wherein a channel width of said second thin film transistor is larger 
than a channel width of said first thin film transistor, 

said method comprising a step of applying a voltage from said voltage 
supply line to said pixel electrode for a period during one frame, wherein said period 
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is determined in accordance with a desired tone of a display. 



21 . An operation method of an active matrix device comprising: 
a substrate having an insulating surface; 

a first signal line extending over said substrate; 

a first thin film transistor having a channel region comprising 
crystalline silicon formed over said substrate wherein a gate of said first thin film 
transistor is connected to said first signal line; 

a second signal line extending across said first signal line wherein 
said second signal line is connected to a drain of said first thin film transistor; 

a second thin film transistor having a channel region comprising 
crystalline silicon formed over said substrate wherein a signal is applied to a gate of 
said second thin film transistor from said second signal line through at least said first 
thin film transistor; 

a voltage supply line formed over said substrate wherein said voltage 
supply line is connected to a drain of said second thin film transistor; and 

a pixel electrode formed over said substrate wherein said pixel 
electrode is connected to a source of said second thin film transistor; 

wherein a channel width of said second thin film transistor is larger 
than a channel width of said first thin film transistor, 

said method comprising a step of applying a voltage from said voltage 
supply line to said pixel electrode for a period during one frame, wherein said period 
is determined in accordance with a desired tone of a display. 

22. An operation method of an active matrix device comprising: 
a substrate having an insulating surface; 

a first signal line extending over said substrate; 
a first top-gate type thin film transistor having a channel region 
comprising crystalline silicon and a first pair of impurity regions formed over said 
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substrate wherein a gate of said first thin film transistor is connected to said first 
signal line; 

a second signal line extending across said first signal line wherein 
said second signal line is connected to one of said first pair of impurity regions of 
said first thin film transistor; 

a second top-gate type thin film transistor having a channel region 
comprising crystalline silicon and a second pair of impurity regions formed over said 
substrate wherein a signal is applied to a gate of said second thin film transistor from 
said second signal line through at least said first thin film transistor; 

a voltage supply line formed over said substrate wherein said voltage 
supply line is connected to one of said second pair of impurity regions of said second 
thin film transistor; 

a pixel electrode formed over said substrate wherein said pixel 
electrode is connected to the other one of said second pair of impurity regions of said 
second thin film transistor; and 

wherein a channel width of said second thin film transistor is larger 
than a channel width of said first thin film transistor, 

said method comprising a step of apply ing a voltage from said voltage 
supply line to said pixel electrode for a period during one frame, wherein said period 
is determined in accordance with a desired tone of a display. 

23 . An operation method of an active matrix device comprising: 

a substrate having an insulating surface; 

a first signal line extending over said substrate; 

a first bottom gate type thin film transistor having a channel region 
comprising crystalline silicon and a first pair of impurity regions formed over said 
substrate wherein a gate of said first thin film transistor is connected to said first 
signal line; 
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a second signal line extending across said first signal line wherein 
said second signal line is connected to one of said first pair of impurity regions of 
said first thin film transistor; 

a second bottom gate type thin film transistor having a channel region 
5 comprising crystalline silicon and a second pair of impurity regions formed over said 
substrate wherein a signal is applied to a gate of said second thin film transistor from 
said second signal line through at least said first thin film transistor; 

a voltage supply line formed over said substrate wherein said voltage 
supply line is connected to one of said second pair of impurity regions of said second 
1 0 thin film transistor; 

a pixel electrode formed over said substrate wherein said pixel 
electrode is connected to the other one of said second pair of impurity regions of said 
second thin film transistor; and 

wherein a channel width of said second thin film transistor is larger 
1 5 than a channel width of said first thin film transistor, 

said method comprising a step of applying a voltage from said voltage 
supply line to said pixel electrode for a period during one frame, wherein said period 
is determined in accordance with a desired tone of a display. 

24. An operation method of an active matrix device comprising: 
20 a substrate having an insulating surface; 

a first signal line extending over said substrate; 
a first thin film transistor having a channel region comprising 
crystalline silicon and a first pair of impurity regions formed over said substrate 
wherein a gate of said first thin film transistor is connected to said first signal line; 
25 a second signal line extending across said first signal line wherein 

said second signal line is connected to one of said first pair of impurity regions of 
said first thin film transistor; 

a second thin film transistor having a channel region comprising 
crystalline silicon and a second pair of impurity regions formed over said substrate 
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wherein a signal is applied to a gate of said second thin film transistor from said 
second signal line through at least said first thin film transistor; 

a voltage supply line formed over said substrate wherein said voltage 
supply line is connected to one of said second pair of impurity regions of said second 
thin film transistor; 

a pixel electrode formed over said substrate wherein said pixel 
electrode is connected to the other one of said second pair of impurity regions of said 
second thin film transistor; and 

wherein a channel width of said second thin film transistor is larger 
than a channel width of said first thin film transistor, 

said method comprising a step of applying a voltage from said voltage 
supply line to said pixel electrode for a period during one frame, wherein said period 
is determined in accordance with a desired tone of a display. 

25. An operation method of an active matrix device comprising: 

a substrate having an insulating surface; 

a first signal line extending over said substrate; 

a first top-gate type thin film transistor having a channel region 
comprising crystalline silicon formed over said substrate wherein a gate of said first 
thin film transistor is connected to said first signal line; 

a second signal line extending across said first signal line wherein 
said second signal line is connected to a drain of said first thin film transistor; 

a second top-gate type thin film transistor having a channel region 
comprising crystalline silicon formed over said substrate wherein a signal is applied 
to a gate of said second thin film transistor from said second signal line through at 
least said first thin film transistor; 

a voltage supply line formed over said substrate wherein said voltage 
supply line is connected to a drain of said second thin film transistor; 

a pixel electrode formed over said substrate wherein said pixel 
electrode is connected to a source of said second thin film transistor; and 
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a driving circuit formed over said substrate for driving at least one of 
1 said first and second thin film transistors, said driving circuit comprising a third thin 

film transistor wherein a channel forming region of said third thin film transistor 
comprises crystalline silicon, 
5 said method comprising a step of applying one or more pulses from 

said voltage supply line to said pixel electrode during one frame wherein a number 
of pulses applied to said pixel electrode during one frame is determined in 
accordance with a desired tone of a display. 

26. An operation method of an active matrix device comprising: 
10 a substrate having an insulating surface; 

a first signal line extending over said substrate; 
a first bottom gate type thin film transistor having a channel region 
comprising crystalline silicon formed over said substrate wherein a gate of said first 
thin film transistor is connected to said first signal line; 
15 a second signal line extending across said first signal line wherein 

said second signal line is connected to a drain of said first thin film transistor; 

a second bottom gate type thin film transistor having a channel region 
comprising crystalline silicon formed over said substrate wherein a signal is applied 
to a gate of said second thin film transistor from said second signal line through at 
20 least said first thin film transistor; 

a voltage supply line formed over said substrate wherein said voltage 
supply line is connected to a drain of said second thin film transistor; 

a pixel electrode formed over said substrate wherein said pixel 
electrode is connected to a source of said second thin film transistor; and 
25 a driving circuit formed over said substrate for driving at least one of 

said first and second thin film transistors, said driving circuit comprising a third thin 
film transistor wherein a channel forming region of said third thin film transistor 
comprises crystalline silicon, 
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said method comprising a step of applying one or more pulses from 
said voltage supply line to said pixel electrode during one frame wherein a number 
of pulses applied to said pixel electrode during one frame is determined in 
accordance with a desired tone of a display. 

27. An operation method of an active matrix device comprising: 

a substrate having an insulating surface; 

a first signal line extending over said substrate; 

a first thin film transistor having a channel region comprising 
crystalline silicon formed over said substrate wherein a gate of said first thin film 
transistor is connected to said first signal line; 

a second signal line extending across said first signal line wherein 
said second signal line is connected to a drain of said first thin film transistor; 

a second thin film transistor having a channel region comprising 
crystalline silicon formed over said substrate wherein a signal is applied to a gate of 
said second thin film transistor from said second signal line through at least said first 
thin film transistor; 

a voltage supply line formed over said substrate wherein said voltage 
supply line is connected to a drain of said second thin film transistor; 

a pixel electrode formed over said substrate wherein said pixel 
electrode is connected to a source of said second thin film transistor; and 

a driving circuit formed over said substrate for driving at least one of 
said first and second thin film transistors, said driving circuit comprising a third thin 
film transistor wherein a channel forming region of said third thin film transistor 
comprises crystalline silicon, 

said method comprising a step of applying one or more pulses from 
said voltage supply line to said pixel electrode during one frame wherein a number 
of pulses applied to said pixel electrode during one frame is determined in 
accordance with a desired tone of a display. 
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28. An operation method of an active matrix device comprising: 
a substrate having an insulating surface; 
a first signal line extending over said substrate; 
a first top-gate type thin film transistor having a channel region 
5 comprising crystalline silicon formed over said substrate wherein a gate of said first 
thin film transistor is connected to said first signal line; 

a second signal line extending across said first signal line wherein 
said second signal line is connected to a drain of said first thin film transistor; 

a second top-gate type thin film transistor having a channel region 
1 0 comprising crystalline silicon formed over said substrate wherein a signal is applied 
to a gate of said second thin film transistor from said second signal line through at 
least said first thin film transistor; 

a voltage supply line formed over said substrate wherein said voltage 
supply line is connected to a drain of said second thin film transistor; 
15 a surface smoothing film formed over said first and second thin film 

transistors; 

a pixel electrode formed over said surface smoothing film wherein 
said pixel electrode is connected to a source of said second thin film transistor; and 

a driving circuit formed over said substrate for driving at least one of 
20 said first and second thin film transistors, said driving circuit comprising a third thin 
film transistor wherein a channel forming region of said third thin film transistor 
comprises crystalline silicon, 

said method comprising a step of applying one or more pulses from 
said voltage supply line to said pixel electrode during one frame wherein a number 
25 of pulses applied to said pixel electrode during one frame is determined in 
accordance with a desired tone of a display. 



29. An operation method of an active matrix device comprising: 
a substrate having an insulating surface; 
a first signal line extending over said substrate; 
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a first bottom gate type thin film transistor having a channel region 
comprising crystalline silicon formed over said substrate wherein a gate of said first 
thin film transistor is connected to said first signal line; 

a second signal line extending across said first signal line wherein 
said second signal line is connected to a drain of said first thin film transistor; 

a second bottom gate type thin film transistor having a channel region 
comprising crystalline silicon formed over said substrate wherein a signal is applied 
to a gate of said second thin film transistor from said second signal line through at 
least said first thin film transistor; 

a voltage supply line formed over said substrate wherein said voltage 
supply line is connected to a drain of said second thin film transistor; 

a surface smoothing film formed over said first and second thin film 

transistors; 

a pixel electrode formed over said surface smoothing film wherein 
said pixel electrode is connected to a source of said second thin film transistor; and 

a driving circuit formed over said substrate for driving at least one of 
said first and second thin film transistors, said driving circuit comprising a third thin 
film transistor wherein a channel forming region of said third thin film transistor 
comprises crystalline silicon, 

said method comprising a step of applying one or more pulses from 
said voltage supply line to said pixel electrode during one frame wherein a number 
of pulses applied to said pixel electrode during one frame is determined in 
accordance with a desired tone of a display. 

30. An operation method of an active matrix device comprising: 

a substrate having an insulating surface; 

a first signal line extending over said substrate; 

a first thin film transistor having a channel region comprising 
crystalline silicon formed over said substrate wherein a gate of said first thin film 
transistor is connected to said first signal line; 
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a second signal line extending across said first signal line wherein 
said second signal line is connected to a drain of said first thin film transistor; 

a second thin film transistor having a channel region comprising 
crystalline silicon formed over said substrate wherein a signal is applied to a gate of 
5 said second thin film transistor from said second signal line through at least said first 
thin film transistor; 

a voltage supply line formed over said substrate wherein said voltage 
supply line is connected to a drain of said second thin film transistor; 

a surface smoothing film formed over said first and second thin film 

10 transistors; 

a pixel electrode formed over said surface smoothing film wherein 
said pixel electrode is connected to a source of said second thin film transistor; and 

a driving circuit formed over said substrate for driving at least one of 
said first and second thin film transistors, said driving circuit comprising a third thin 
15 film transistor wherein a channel forming region of said third thin film transistor 
comprises crystalline silicon, 

said method comprising a step of applying one or more pulses from 
said voltage supply line to said pixel electrode during one frame wherein a number 
of pulses applied to said pixel electrode during one frame is determined in 
20 accordance with a desired tone of a display. 

3 1 . An operation method of an active matrix device comprising: 
a substrate having an insulating surface; 
a first signal line extending over said substrate; 
25 a first top-gate type thin film transistor having a channel region 

comprising crystalline silicon formed over said substrate wherein a gate of said first 
thin film transistor is connected to said first signal line; 

a second signal line extending across said first signal line wherein 
said second signal line is connected to a drain of said first thin film transistor; 
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a second top-gate type thin film transistor having a channel region 
comprising crystalline silicon formed over said substrate wherein a signal is applied 
to a gate of said second thin film transistor from said second signal line through at 
least said first thin film transistor; 

a voltage supply line formed over said substrate wherein said voltage 
supply line is connected to a drain of said second thin film transistor; 

a pixel electrode formed over said substrate wherein said pixel 
electrode is connected to a source of said second thin film transistor; and 

a driving circuit formed over said substrate for driving at least one of 
said first and second thin film transistors, said driving circuit comprising a third thin 
film transistor wherein a channel forming region of said third thin film transistor 
comprises crystalline silicon, 

wherein a channel width of said second thin film transistor is larger 
than a channel width of said first thin film transistor, 

said method comprising a step of applying one or more pulses from 
said voltage supply line to said pixel electrode during one frame wherein a number 
of pulses applied to said pixel electrode during one frame is determined in 
accordance with a desired tone of a display. 

32. An operation method of an active matrix device comprising: 

a substrate having an insulating surface; 

a first signal line extending over said substrate; 

a first bottom gate type thin film transistor having a channel region 
comprising crystalline silicon formed over said substrate wherein a gate of said first 
thin film transistor is connected to said first signal line; 

a second signal line extending across said first signal line wherein 
said second signal line is connected to a drain of said first thin film transistor; 

a second bottom gate type thin film transistor having a channel region 
comprising crystalline silicon formed over said substrate wherein a signal is applied 
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to a gate of said second thin film transistor from said second signal line through at 
least said first thin film transistor; 

a voltage supply line formed over said substrate wherein said voltage 
supply line is connected to a drain of said second thin film transistor; 
5 a pixel electrode formed over said substrate wherein said pixel 

electrode is connected to a source of said second thin film transistor; and 

a driving circuit formed over said substrate for driving at least one of 
said first and second thin film transistors, said driving circuit comprising a third thin 
film transistor wherein a channel forming region of said third thin film transistor 
10 comprises crystalline silicon, 

wherein a channel width of said second thin film transistor is larger 
than a channel width of said first thin film transistor, 

said method comprising a step of applying one or more pulses from 
said voltage supply line to said pixel electrode during one frame wherein a number 
15 of pulses applied to said pixel electrode during one frame is determined in 
accordance with a desired tone of a display. 

33. An operation method of an active matrix device comprising: 
a substrate having an insulating surface; 
a first signal line extending over said substrate; 
20 a first thin film transistor having a channel region comprising 

crystalline silicon formed over said substrate wherein a gate of said first thin film 
transistor is connected to said first signal line; 

a second signal line extending across said first signal line wherein 
said second signal line is connected to a drain of said first thin film transistor; 
25 a second thin film transistor having a channel region comprising 

crystalline silicon formed over said substrate wherein a signal is applied to a gate of 
said second thin film transistor from said second signal line through at least said first 
thin film transistor; 
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a voltage supply line formed over said substrate wherein said voltage 
supply line is connected to a drain of said second thin film transistor; 

a pixel electrode formed over said substrate wherein said pixel 
electrode is connected to a source of said second thin film transistor; and 
5 a driving circuit formed over said substrate for driving at least one of 

said first and second thin film transistors, said driving circuit comprising a third thin 
film transistor wherein a channel forming region of said third thin film transistor 
comprises crystalline silicon, 

wherein a channel width of said second thin film transistor is larger 
1 0 than a channel width of said first thin film transistor, 

said method comprising a step of applying one or more pulses from 
said voltage supply line to said pixel electrode during one frame wherein a number 
of pulses applied to said pixel electrode during one frame is determined in 
accordance with a desired tone of a display. 

15 34. An operation method of an active matrix device comprising: 

a substrate having an insulating surface; 
a first signal line extending over said substrate; 
a first top-gate type thin film transistor having a channel region 
comprising crystalline silicon and a first pair of impurity regions formed over said 
20 substrate wherein a gate of said first thin film transistor is connected to said first 
signal line; 

a second signal line extending across said first signal line wherein 
said second signal line is connected to one of said first pair of impurity regions of 
said first thin film transistor; 
25 a second top-gate type thin film transistor having a channel region 

comprising crystalline silicon and a second pair of impurity regions formed over said 
substrate wherein a signal is applied to a gate of said second thin film transistor from 
said second signal line through at least said first thin film transistor; 
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a voltage supply line formed over said substrate wherein said voltage 
supply line is connected to one of said second pair of impurity regions of said second 
thin film transistor; 

a pixel electrode formed over said substrate wherein said pixel 
electrode is connected to the other one of said second pair of impurity regions of said 
second thin film transistor; and 

a driving circuit formed over said substrate for driving at least one of 
said first and second thin film transistors, said driving circuit comprising a third thin 
film transistor wherein a channel forming region of said third thin film transistor 
comprises crystalline silicon, 

said method comprising a step of applying one or more pulses from 
said voltage supply line to said pixel electrode during one frame wherein a number 
of pulses applied to said pixel electrode during one frame is determined in 
accordance with a desired tone of a display. 



35. An operation method of an active matrix device comprising: 

a substrate having an insulating surface; 

a first signal line extending over said substrate; 

a first bottom gate type thin film transistor having a channel region 
comprising crystalline silicon and a first pair of impurity regions formed over said 
substrate wherein a gate of said first thin film transistor is connected to said first 
signal line; 

a second signal line extending across said first signal line wherein 
said second signal line is connected to one of said first pair of impurity regions of 
said first thin film transistor; 

a second bottom gate type thin film transistor having a channel region 
comprising crystalline silicon and a second pair of impurity regions formed over said 
substrate wherein a signal is applied to a gate of said second thin film transistor from 
said second signal line through at least said first thin film transistor; 
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a voltage supply line formed over said substrate wherein said voltage 
supply line is connected to one of said second pair of impurity regions of said second 
thin film transistor; 

a pixel electrode formed over said substrate wherein said pixel 
5 electrode is connected to the other one of said second pair of impurity regions of said 
second thin film transistor; and 

a driving circuit formed over said substrate for driving at least one of 
said first and second thin film transistors, said driving circuit comprising a third thin 
film transistor wherein a channel forming region of said third thin film transistor 
1 0 comprises crystalline silicon, 

said method comprising a step of applying one or more pulses from 
said voltage supply line to said pixel electrode during one frame wherein a number 
of pulses applied to said pixel electrode during one frame is determined in 
accordance with a desired tone of a display. 

15 36. An operation method of an active matrix device comprising: 

a substrate having an insulating surface; 
a first signal line extending over said substrate; 
a first thin film transistor having a channel region comprising 
crystalline silicon and a first pair of impurity regions formed over said substrate 
20 wherein a gate of said first thin film transistor is connected to said first signal line; 

a second signal line extending across said first signal line wherein 
said second signal line is connected to one of said first pair of impurity regions of 
said first thin film transistor; 

a second thin film transistor having a channel region comprising 
25 crystalline silicon and a second pair of impurity regions formed over said substrate 
wherein a signal is applied to a gate of said second thin film transistor from said 
second signal line through at least said first thin film transistor; 
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a voltage supply line formed over said substrate wherein said voltage 
supply line is connected to one of said second pair of impurity regions of said second 
thin film transistor; 

a pixel electrode formed over said substrate wherein said pixel 
5 electrode is connected to the other one of said second pair of impurity regions of said 
second thin film transistor; and 

a driving circuit formed over said substrate for driving at least one of 
said first and second thin film transistors, said driving circuit comprising a third thin 
film transistor wherein a channel forming region of said third thin film transistor 
10 comprises crystalline silicon, 

said method comprising a step of applying one or more pulses from 
said voltage supply line to said pixel electrode during one frame wherein a number 
of pulses applied to said pixel electrode during one frame is determined in 
accordance with a desired tone of a display. 

15 37. An operation method of an active matrix device comprising: 

a substrate having an insulating surface; 
a first signal line extending over said substrate; 
a first top-gate type thin film transistor having a channel region 
comprising crystalline silicon and a first pair of impurity regions formed over said 
20 substrate wherein a gate of said first thin film transistor is connected to said first 
signal line; 

a second signal line extending across said first signal line wherein 
said second signal line is connected to one of said first pair of impurity regions of 
said first thin film transistor; 
25 a second top-gate type thin film transistor having a channel region 

comprising crystalline silicon and a second pair of impurity regions formed over said 
substrate wherein a signal is applied to a gate of said second thin film transistor from 
said second signal line through at least said first thin film transistor; 
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a voltage supply line formed over said substrate wherein said voltage 
supply line is connected to one of said second pair of impurity regions of said second 
thin film transistor; 

a surface smoothing film formed over said first and second thin film 

5 transistors; 

a pixel electrode formed over said surface smoothing film wherein 
said pixel electrode is connected to the other one of said second pair of impurity 
regions of said second thin film transistor; and 

a driving circuit formed over said substrate for driving at least one of 
1 0 said first and second thin film transistors, said driving circuit comprising a third thin 
film transistor wherein a channel forming region of said third thin film transistor 
comprises crystalline silicon, 

said method comprising a step of applying one or more pulses from 
said voltage supply line to said pixel electrode during one frame wherein a number 
15 of pulses applied to said pixel electrode during one frame is determined in 
accordance with a desired tone of a display. 

38. An operation method of an active matrix device comprising: 
a substrate having an insulating surface; 
a first signal line extending over said substrate; 
20 a first bottom gate type thin film transistor having a channel region 

comprising crystalline silicon and a first pair of impurity regions formed over said 
substrate wherein a gate of said first thin film transistor is connected to said first 
signal line; 

a second signal line extending across said first signal line wherein 
25 said second signal line is connected to one of said first pair of impurity regions of 
said first thin film transistor; 

a second bottom gate type thin film transistor having a channel region 
comprising crystalline silicon and a second pair of impurity regions formed over said 
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substrate wherein a signal is applied to a gate of said second thin film transistor from 
said second signal line through at least said first thin film transistor; 

a voltage supply line formed over said substrate wherein said voltage 
supply line is connected to one of said second pair of impurity regions of said second 
thin film transistor; 

a surface smoothing film formed over said first and second thin film 

transistors; 

a pixel electrode formed over said surface smoothing film wherein 
said pixel electrode is connected to the other one of said second pair of impurity 
regions of said second thin film transistor; and 

a driving circuit formed over said substrate for driving at least one of 
said first and second thin film transistors, said driving circuit comprising a third thin 
film transistor wherein a channel forming region of said third thin film transistor 
comprises crystalline silicon, 

said method comprising a step of applying one or more pulses from 
said voltage supply line to said pixel electrode during one frame wherein a number 
of pulses applied to said pixel electrode during one frame is determined in 
accordance with a desired tone of a display. 

39. An operation method of an active matrix device comprising: 

a substrate having an insulating surface; 

a first signal line extending over said substrate; 

a first thin film transistor having a channel region comprising 
crystalline silicon and a first pair of impurity regions formed over said substrate 
wherein a gate of said first thin film transistor is connected to said first signal line; 

a second signal line extending across said first signal line wherein 
said second signal line is connected to one of said first pair of impurity regions of 
said first thin film transistor; 

a second thin film transistor having a channel region comprising 
crystalline silicon and a second pair of impurity regions formed over said substrate 
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wherein a signal is applied to a gate of said second thin film transistor from said 
second signal line through at least said first thin film transistor; 

a voltage supply line formed over said substrate wherein said voltage 
supply line is connected to one of said second pair of impurity regions of said second 
thin film transistor; 

a surface smoothing film formed over said first and second thin film 

transistors; 

a pixel electrode formed over said surface smoothing film wherein 
said pixel electrode is connected to the other one of said second pair of impurity 
regions of said second thin film transistor; and 

a driving circuit formed over said substrate for driving at least one of 
said first and second thin film transistors, said driving circuit comprising a third thin 
film transistor wherein a channel forming region of said third thin film transistor 
comprises crystalline silicon, 

said method comprising a step of applying one or more pulses from 
said voltage supply line to said pixel electrode during one frame wherein a number 
of pulses applied to said pixel electrode during one frame is determined in 
accordance with a desired tone of a display. 

40. An operation method of an active matrix device comprising: 

a substrate having an insulating surface; 

a first signal line extending over said substrate; 

a first top-gate type thin film transistor having a channel region 
comprising crystalline silicon and a first pair of impurity regions formed over said 
substrate wherein a gate of said first thin film transistor is connected to said first 
signal line; 

a second signal line extending across said first signal line wherein 
said second signal line is connected to one of said first pair of impurity regions of 
said first thin film transistor; 
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a second top-gate type thin film transistor having a channel region 
comprising crystalline silicon and a second pair of impurity regions formed over said 
substrate wherein a signal is applied to a gate of said second thin film transistor from 
said second signal line through at least said first thin film transistor; 
5 a voltage supply line formed over said substrate wherein said voltage 

supply line is connected to one of said second pair of impurity regions of said second 
thin film transistor; 

a pixel electrode formed over said substrate wherein said pixel 
electrode is connected to the other one of said second pair of impurity regions of said 
1 0 second thin film transistor; and 

a driving circuit formed over said substrate for driving at least one of 
said first and second thin film transistors, said driving circuit comprising a third thin 
film transistor wherein a channel forming region of said third thin film transistor 
comprises crystalline silicon, 
1 5 wherein a channel width of said second thin film transistor is larger 

than a channel width of said first thin film transistor, 

said method comprising a step of applying one or more pulses from 
said voltage supply line to said pixel electrode during one frame wherein a number 
of pulses applied to said pixel electrode during one frame is determined in 
20 accordance with a desired tone of a display. 

41 . An operation method of an active matrix device comprising: 
a substrate having an insulating surface; 
a first signal line extending over said substrate; 
a first bottom gate type thin film transistor having a channel region 
25 comprising crystalline silicon and a first pair of impurity regions formed over said 
substrate wherein a gate of said first thin film transistor is connected to said first 
signal line; 
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a second signal line extending across said first signal line wherein 
said second signal line is connected to one of said first pair of impurity regions of 
said first thin film transistor; 

a second bottom gate type thin film transistor having a channel region 
5 comprising crystalline silicon and a second pair of impurity regions formed over said 
substrate wherein a signal is applied to a gate of said second thin film transistor from 
said second signal line through at least said first thin film transistor; 

a voltage supply line formed over said substrate wherein said voltage 
supply line is connected to one of said second pair of impurity regions of said second 
1 0 thin film transistor; 

a pixel electrode formed over said substrate wherein said pixel 
electrode is connected to the other one of said second pair of impurity regions of said 
second thin film transistor; and 

a driving circuit formed over said substrate for driving at least one of 
1 5 said first and second thin film transistors, said driving circuit comprising a third thin 
film transistor wherein a channel forming region of said third thin film transistor 
comprises crystalline silicon, 

wherein a channel width of said second thin film transistor is larger 
than a channel width of said first thin film transistor, 
20 said method comprising a step of applying one or more pulses from 

said voltage supply line to said pixel electrode during one frame wherein a number 
of pulses applied to said pixel electrode during one frame is determined in 
accordance with a desired tone of a display. 

42. An operation method of an active matrix device comprising: 
25 a substrate having an insulating surface; 

a first signal line extending over said substrate; 
a first thin film transistor having a channel region comprising 
. crystalline silicon and a first pair of impurity regions formed over said substrate 
wherein a gate of said first thin film transistor is connected to said first signal line; 
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a second signal line extending across said first signal line wherein 
said second signal line is connected to one of said first pair of impurity regions of 
said first thin film transistor; 

a second thin film transistor having a channel region comprising 
crystalline silicon and a second pair of impurity regions formed over said substrate 
wherein a signal is applied to a gate of said second thin film transistor from said 
second signal line through at least said first thin film transistor; 

a voltage supply line formed over said substrate wherein said voltage 
supply line is connected to one of said second pair of impurity regions of said second 
thin film transistor; 

a pixel electrode formed over said substrate wherein said pixel 
electrode is connected to the other one of said second pair of impurity regions of said 
second thin film transistor; and 

a driving circuit formed over said substrate for driving at least one of 
said first and second thin film transistors, said driving circuit comprising a third thin 
film transistor wherein a channel forming region of said third thin film transistor 
comprises crystalline silicon, 

wherein a channel width of said second thin film transistor is larger 
than a channel width of said first thin film transistor, 

said method comprising a step of applying one or more pulses from 
said voltage supply line to said pixel electrode during one frame wherein a number 
of pulses applied to said pixel electrode during one frame is determined in 
accordance with a desired tone of a display. 

43. An operation method of an active matrix device comprising: 

a substrate having an insulating surface; 

a first signal line extending over said substrate; 

a first top-gate type thin film transistor having a channel region 
comprising crystalline silicon formed over said substrate wherein a gate of said first 
thin film transistor is connected to said first signal line; 
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a second signal line extending across said first signal line wherein 
said second signal line is connected to a drain of said first thin film transistor; 

a second top-gate type thin film transistor having a channel region 
comprising crystalline silicon formed over said substrate wherein a signal is applied 
to a gate of said second thin film transistor from said second signal line through at 
least said first thin film transistor; 

a voltage supply line formed over said substrate wherein said voltage 
supply line is connected to a drain of said second thin film transistor; and 

a pixel electrode formed over said substrate wherein said pixel 
electrode is connected to a source of said second thin film transistor; 

wherein a channel width of said second thin film transistor is larger 
than a channel width of said first thin film transistor, 

said method comprising a step of applying one or more pulses from 
said voltage supply line to said pixel electrode during one frame wherein a number 
of pulses applied to said pixel electrode during one frame is determined in 
accordance with a desired tone of a display. 

44. An operation method of an active matrix device comprising: 

a substrate having an insulating surface; 

a first signal line extending over said substrate; 

a first bottom gate type thin film transistor having a channel region 
comprising crystalline silicon formed over said substrate wherein a gate of said first 
thin film transistor is connected to said first signal line; 

a second signal line extending across said first signal line wherein 
said second signal line is connected to a drain of said first thin film transistor; 

a second bottom gate type thin film transistor having a channel region 
comprising crystalline silicon formed over said substrate wherein a signal is applied 
to a gate of said second thin film transistor from said second signal line through at 
least said first thin film transistor; 
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a voltage supply line formed over said substrate wherein said voltage 
supply line is connected to a drain of said second thin film transistor; and 

a pixel electrode formed over said substrate wherein said pixel 
electrode is connected to a source of said second thin film transistor; 

wherein a channel width of said second thin film transistor is larger 
than a channel width of said first thin film transistor, 

said method comprising a step of applying one or more pulses from 
said voltage supply line to said pixel electrode during one frame wherein a number 
of pulses applied to said pixel electrode during one frame is determined in 
accordance with a desired tone of a display. 

45. An operation method of an active matrix device comprising: 

a substrate having an insulating surface; 

a first signal line extending over said substrate; 

a first thin film transistor having a channel region comprising 
crystalline silicon formed over said substrate wherein a gate of said first thin film 
transistor is connected to said first signal line; 

a second signal line extending across said first signal line wherein 
said second signal line is connected to a drain of said first thin film transistor; 

a second thin film transistor having a channel region comprising 
crystalline silicon formed over said substrate wherein a signal is applied to a gate of 
said second thin film transistor from said second signal line through at least said first 
thin film transistor; 

a voltage supply line formed over said substrate wherein said voltage 
supply line is connected to a drain of said second thin film transistor; and 

a pixel electrode formed over said substrate wherein said pixel 
electrode is connected to a source of said second thin film transistor; 

wherein a channel width of said second thin film transistor is larger 
than a channel width of said first thin film transistor, 
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said method comprising a step of applying one or more pulses from 
said voltage supply line to said pixel electrode during one frame wherein a number 
of pulses applied to said pixel electrode during one frame is determined in 
accordance with a desired tone of a display. 

5 46. An operation method of an active matrix device comprising: 

a substrate having an insulating surface; 
a first signal line extending over said substrate; 
a first top-gate type thin film transistor having a channel region 
comprising crystalline silicon and a first pair of impurity regions formed over said 
10 substrate wherein a gate of said first thin film transistor is connected to said first 
signal line; 

a second signal line extending across said first signal line wherein 
said second signal line is connected to one of said first pair of impurity regions of 
said first thin film transistor; 
15 a second top-gate type thin film transistor having a channel region 

comprising crystalline silicon and a second pair of impurity regions formed over said 
substrate wherein a signal is applied to a gate of said second thin film transistor from 
said second signal line through at least said first thin film transistor; 

a voltage supply line formed over said substrate wherein said voltage 
20 supply line is connected to one of said second pair of impurity regions of said second 
thin film transistor; 

a pixel electrode formed over said substrate wherein said pixel 
electrode is connected to the other one of said second pair of impurity regions of said 
second thin film transistor; and 
25 wherein a channel width of said second thin film transistor is larger 

than a channel width of said first thin film transistor, 

said method comprising a step of applying one or more pulses from 
said voltage supply line to said pixel electrode during one frame wherein a number 
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of pulses applied to said pixel electrode during one frame is determined in 
accordance with a desired tone of a display. 



47. An operation method of an active matrix device comprising: 
a substrate having an insulating surface; 
5 a first signal line extending over said substrate; 

a first bottom gate type thin film transistor having a channel region 
comprising crystalline silicon and a first pair of impurity regions formed over said 
substrate wherein a gate of said first thin film transistor is connected to said first 
signal line; 

10 a second signal line extending across said first signal line wherein 

said second signal line is connected to one of said first pair of impurity regions of 

said first thin film transistor; 

a second bottom gate type thin film transistor having a channel region 

comprising crystalline silicon and a second pair of impurity regions formed over said 
1 5 substrate wherein a signal is applied to a gate of said second thin film transistor from 

said second signal line through at least said first thin film transistor; 

a voltage supply line formed over said substrate wherein said voltage 

supply line is connected to one of said second pair of impurity regions of said second 

thin film transistor; 

20 a pixel electrode formed over said substrate wherein said pixel 

electrode is connected to the other one of said second pair of impurity regions of said 
second thin film transistor; and 

wherein a channel width of said second thin film transistor is larger 
than a channel width of said first thin film transistor, 

25 said method comprising a step of applying one or more pulses from 

said voltage supply line to said pixel electrode during one frame wherein a number 
of pulses applied to said pixel electrode during one frame is determined in 
accordance with a desired tone of a display. 
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48. An operation method of an active matrix device comprising: 
a substrate having an insulating surface; 

a first signal line extending over said substrate; 
a first thin film transistor having a channel region comprising 
5 crystalline silicon and a first pair of impurity regions formed over said substrate 
wherein a gate of said first thin film transistor is connected to said first signal line; 

a second signal line extending across said first signal line wherein 
said second signal line is connected to one of said first pair of impurity regions of 
said first thin film transistor; 
10 a second thin film transistor having a channel region comprising 

crystalline silicon and a second pair of impurity regions formed over said substrate 
wherein a signal is applied to a gate of said second thin film transistor from said 
second signal line through at least said first thin film transistor; 

a voltage supply line formed over said substrate wherein said voltage 
1 5 supply line is connected to one of said second pair of impurity regions of said second 
thin film transistor; 

a pixel electrode formed over said substrate wherein said pixel 
electrode is connected to the other one of said second pair of impurity regions of said 
second thin film transistor; and 
20 wherein a channel width of said second thin film transistor is larger 

than a channel width of said first thin film transistor, 

said method comprising a step of applying one or more pulses from 
said voltage supply line to said pixel electrode during one frame wherein a number 
of pulses applied to said pixel electrode during one frame is determined in 
25 accordance with a desired tone of a display. 

49. The method according to claimj^2 whe rein said active matrix device 
is a liquid crystal device. 
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50. The method according to claim 49 wherein each of said first and 
second thin film transistors is a top-gate transistor. 

5 1 . The method according to claim 49 wherein each of said first and 
second thin film transistors is a bottom-gate transistor. 

5 52. The method according to claim 36 wherein said active matrix device 

is a liquid crystal device. 

53. The method according to claim 52 wherein each of said first and 
second thin film transistors is a top-gate transistor. 

54. The method according to claim 52 wherein each of said first and 
1 0 second thin film transistors is a bottom-gate transistor. 

55. The method according to claim 3 wherein said active matrix device 
is a liquid crystal device. 

56. The method according to claim 6 wherein said active matrix device 
is a liquid crystal device. 

15 57. The method according to claim 9 wherein said active matrix device 

is a liquid crystal device. 

58. The method according to claim 1 5 wherein said active matrix device 
is a liquid crystal device. 

59. The method according to claim 1 8 wherein said active matrix device 
20 is a liquid crystal device. 
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60. The method according to claim 27 wherein said active matrix device 
is a liquid crystal device. 



6 1 . The method according to claim 3 0 wherein said active matrix device 
is a liquid crystal device. 

62. The method according to claim 33 wherein said active matrix device 
is a liquid crystal device. 

63 . The method according to claim 36 wherein said active matrix device 
is a liquid crystal device. 

64. The method according to claim 39 wherein said active matrix device 
is a liquid crystal device. 

65 . The method according to claim 42 wherein said active matrix device 
is a liquid crystal device. 

66. The method according to claim 45 wherein said active matrix device 
is a liquid crystal device. 
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ABSTRACT 0? THE DISCLOSURE 

An electro-optical liquid crystal display suitable for 
displaying highly graded images. A plurality of pixels are 
arranged in a matrix and supplied with data signals through data 
lines extending in the colmnn direction. Extending in the row 
direction are a plurality of addressing lines and a plurality of 
voltage signal lines. Each row is selected by activating by each 
Of the addressing lines and supplied with a driving voltage from 
each of the voltage supplying lines. 
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inventor (if only one name is listed below) or a joint inventor (if plural inventors are named below) 
wntte of the invention entitled: * Electro-optical Device and Method of Driving and 

e» Manufacturing the Same 

, the specification 



of which is attached hereto unless the following box is checked: 

w 0 The specification was filed on October 1 4 J 

* and was assigned Serial No. 07/ 959 , 91 8 



(if Wo) 

and was amended on 



I hereby state that I have reviewed and understand the contents of the above identified specification, 
including the claims, as amended by any amendment referred to above. 

I acknowledge the duty to disclose information which is material to the examination of this 
application in accordance with Title 37, Code of Federal Regulations, § 1.56(a). 

I do not know and do not believe the same was ever known or used in die United States of America 
before my or our invention thereof, or patented or described in any printed publication in any country 
before my or our invention thereof, or more than one year prior to this application, that the same was not 
in public use or on sale in die United States of America more than one year prior to this application, that 
the invention has not been patented or made the subject of an inventor's certificate issued before the date 
of this application in any country foreign to the United States of America on an application filed by me 
or my legal representatives or assigns more than twelve months prior to this application, and that no 
application for patent or inventor's certificate on this invention has been filed in any country foreign to 
the United States of America prior to this application by me or my legal representatives or assigns, 
except as follows: 

I hereby claim foreign priority benefits under Title 35, United States Code, §119 of any foreign 
application(s) for patent or inventor's certificate listed below and checked at right: 

Prior Foreign Application(s) Priority Claimed 



(if appropriate) ~ 



3-296331 


JAPAN 


Ont-.. 16. 1991 
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(Number) 


(Country) 


(Monih/Day/Ycar Filed) 
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All Foreign Applications, if any, for any Patent or Inventors Certificate Filed More Than 12 Months 
Prior To The Filing Date of This Application: 

Country Application No. Date of Filing (Month/Day/Y ear) 



I hereby claim the benefit under Title 35, United States Code, §120 of any United States 
application(s) listed below and, insofar as the subject matter of each of the claims of this application is 
not disclosed in the prior United States application in the manner provided by die first paragraph of Title 
35, United States Code, §112, 1 acknowledge the duty to disclose material information as defined in Title 
37, Code of Federal Regulations, §L56(a) which occurred between the filing date of the prior application 
and the national or PCT international filing date of this application: 



(Application Serial No.) (Filing Dale) (Status— patented, pending, abandoned) 



(Application Serial No.) 



(Hling Date) 



(Status — patented, pending, ibsndoncd) 
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I hereby appoint the following attorneys to prosecute this application and/or an 
international application and to transact all business in the Patent and Trademark Office 



connected therewith: 

Daniel W.SIxr* 
Stuart J, Friedrr 

Charles M. Lcedom, Jr. (Reg. No. 26,477) Thomas W. Cole (Reg. No, 28,290) 



Daniel W. Slxbey (Reg. No. 20,932) Gerald J. Ferguson, Jr. (Reg. No. 23,01 6) 

Stuart J. Friedman (Reg. No. 24,312) David S. Safran (Reg. No. 27,997) 
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SIXBEY, FRIEDMAN, LEEDOM S* FERGUSON, P.C. 
2010 Corporate Ridge, Suite 600 
McLean, Virginia 22102 
Telephone: (703)790-9110 



I hereby declare that all statements made herein of my own knowledge are true and that all 
statements made on information and belief are believed to be true; and further that these 
statements were made with the knowledge that willful false statements and the like so made are 
punishable by fine or imprisonment, or both, under Section 1001 of Title 18 of the United 
States Code and that such willful false statements may jeopardize the validity of the application 
or any patent issued thereon. 

The undersigned hereby authorize any U. S. attorney or agent named herein to accept and 

follow instructions from 

as to any action to be taken in the Patent and Trademark Office regarding this application 
without direct communication between the U. S. attorney or agent and the undersigned. In the 
event of a change in the persons from whom instructions may be taken, the U.S. attorneys or 
agents named herein will be so notified by the undersigned. 
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Bocumcnt Is Signed 

Insert Residence ^ 
Insert Citizenship ™ 
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Address W 

Second Inventor: 

sec above 



FULL NAME OF SOLE OR FIRST INVENTOR 
Yasuhiko TAKEMURA 


1NVENTOF 


jTS SIGNATURE 


DATE 

11/12/1992 


RESIDENCE (City, State & Country) 
Kanagawa Japan 


\ 


CITIZENSHIP 
Japanese 



Flat Atsugi 208, 931-1, Hase, Atsugi-shi, Kanagawa-ken 243 Japan 



FULL NAME OF SECOND JOINT INVENTOR, IF ANY INVENTOR'S SIGNATURE 



RESIDENCE (City, Stats & Country) 



DATE 



CITIZENSHIP 



POST OFFICE ADDRESS {Complete Street Address Including City, State & Country) 



Third Inventor: 
see above 



Fourth Invenior: 
see tbove 



FULL NAME OF THIRD JOINT INVENTOR, IF ANY 


INVENTORS SIGNATURE 


DATE 


RESIDENCE (City r State A Country) 
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CITIZENSHIP 


POST OFFICE ADDRESS (Complete Street Address including City, State & Country) 


FULL NAME OF FOURTH JOINT INVENTOR, IF ANY 


INVENTOR'S SIGNATURE 


DATE 



RESIDENCE (City, State & Country) 



CITIZENSHIP 



POST OFFICE ADDRESS (Complete Street Addiess Including City, State & Country) 



Docket No. 0756-2061 



IN THE UNITED STATES PATENT AND TRADEMARK OFFICE 




o 



In re DIVISIONAL Application of 



) 



Yasuhiko TAKEMURA 



) 
) 



Based On Serial No. 08/978,597 



Art Unit: 2871 



Which Was Filed: November 26, 1997 



Examiner: K. Homey 



For: ELECTRO-OPTICAL DEVICE AND ) 
METHOD OF DRIVING AND ) 



MANUFACTURING THE SAME ) Date: December 3, 1 999 



Honorable Assistant Commissioner for Patents 

Washington, D.C. 20231 

Sir: 



Effective immediately, please note that the address of the attorney(s) of record in the 
above-referenced application has been changed. Please direct all future correspondence to: 



SIXBEY, FRIEDMAN, LEEDOM & FERGUSON, P.C. 
8180 Greensboro Drive, Suite 800 
McLean, Virginia 22102 

Telephone (703) 790-9110 

Respectfully submitted, 



Eric J. Robinson 
Registration No. 38,285 

Sixbey, Friedman, Leedom & Ferguson, P.C. 
8180 Greensboro Drive, Suite 800 
McLean, Virginia 22102 
(703)790-9110 



NOTICE OF CHANGE OF ADDRESS 




